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■ We present a complete next-to-leading-order calculation of the QCD cor- 

, rections to B'^ — B [K'^ — K ) mixing in the framework of the minimal 

Q^' flavor violating (MFV) supersymmetry. We take into account the con- 

^ • tributions from the gluino and find that the gluino-mediated corrections 
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1 Introduction 

As the most popular candidate for new physics beyond the standard model (SM), the supersymmetry Q has 

been studied extensively during the last two decades. Even so, there is no experimental evidence for any of 

the new particles predicted by various supersymmetry (SUSY) models at present. Before new colliders are 

available searching for new physics, we should focus on indirect probes of the phenomena induced by SUSY 

at low energies. At this point, the most promising processes that we can depend on are the Flavor Changing 
^The post address 
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Neutral Current (FCNC) processes, especially b ^ and oscillations of neutral mesons. For weak decays 
at presence of the strong interaction, evaluating such processes requires special technique. The main tool to 
calculate concerned quantities of those processes is the effective Hamiltonian theory. It is a two step program, 
starting with an operator product expansion (OPE)|^, ^ and performing a renormalization group equation 
(RGE)[^ analysis afterwards. The necessary machinery has been developed over years fs], |6|, |7|, ^, ^. The new 
physics effects on the rare B processes are discussed in literature. The calculation of the rate of inclusive decay 
B Xg'j is presented by authors of |ll|, |l^] in the two-Higgs doublet model (THDM). The supersymmetric 
effect on i? — > Xgj is discussed in |l5| and the NLO QCD corrections are given in |16]. The transition 



b — > S77 in the supersymmetric extension of standard model is computed in [^]. The hadronic B decays] 18] 



and CP-violation in those processes|19] have been discussed also. The authors of |2C] have discussed possibility 
of observing supersymmetric effects in the rare decays B Xgj and B Xge^e" in the B-factory. Studies 



on decays B — > {K, K*)l^l^ in SM and supersymmetric model have been carried out in |21]. The SUSY effects 
on these processes are very interesting and studies on them may shed some light on the general characteristics 
of the SUSY model. A relevant review can be found in |22|. For oscillations of Bq — Bq (Kq — Kq), calculations 



have been done in the Standard Model (SM) and THDM. As for the supersymmetric extension of SM, the 
calculation involving the gluino contributions should be re-studied carefully for gluino has non-zero mass. 
In this paper, we will present a complete analysis of SUSY-QCD corrections to the oscillations of Bq — Bq 
(Kq — Kq) in the supersymmetric extension of SM with the minimal flavor violation, i.e. the flavor violation 
occurs only via the charged current at the tree level. 
Our main results can be summarized as follows: 

• We give a complete computation of supersymmetric QCD-corrections to Bq — Bq oscillations up to NLO, 
our technique can be applied to compute SUSY-QCD corrections to other rare B-decay processes (such 
as 6 ^ 57 etc.) up to NLO. 

• Additionally, we find that the gluino contribution to the NLO-QCD corrections grows as Inx^w when 

2 

TTl- 

gluino is heavier than the lightest up- type scalar quark, where xsw = 

w 

At the next-to-leading order approximation, the QCD corrections to the B^ — B^ mixing in the SUSY 
model have been discussed recently. The authors of 24 1 applied the mass- insertion method to estimate 



QCD correction effects on the B^ — B^ mixing. However, in their work, the contribution from gluino {g) 
was ignored. It was thought that at high energies, as/47r ^ 1, so that the correction induced by g might be 



discarded. The authors of noticed the significance of the gluino contributions, however they only gave a 
general discussion without carrying out any concrete calculation on the gluino contributions. The calculation 
including the gluino- mediated QCD corrections needs new technique for mg > nit- In this work, our method 
is analogous to that employed in ||2^, but we develop the technique and handle all problems carefully, then 
draw our conclusion about the size of the gluino contributions through a reliable calculation. 

The paper is organized as follows. In section 2, we display the necessary parts of the MSSM-Feynman 
rules and give the effective Hamiltonian without QCD-corrections. In section 3, we discuss the features of the 
NLO calculation with special focus on the explicit QCD- corrections and matching-procedure. Furthermore, 
we show that reasonably removing the contributions from SUSY-particles and the physical charged Higgs 
our result turns back to the SM result[^6[. In section 4 we give the numerical results of the NLO and 



scan the extent of the parameter space in the MSSM with minimal flavor violation. We close this paper with 
conclusions and discussions. Some technical details are collected in the long appendices. 

2 Notation and the box-diagram results 
2.1 Notation and the Feynman-Rules 



Throughout this paper we adopt the notation of |27], the expressions of the concerned propagators and 



vertices can be found in the Appendix of |27]. For convenience, we give the superpotential and relevant 
mixing matrices. The most general form of the superpotential which does not violate gauge invariance and 
the conservation laws in SM is 

Here , are Higgs superfields; and U are quark and lepton superfields in doublets of the weak 
SU(2) group, where 1=1, 2, 3 are the indices of generations; the rest superfields: and & being quark 
superfields of u- and d-types, and W charged leptons are in singlets of the weak SU(2). The indices i, j are 
contracted in a general way for the SU(2) group, and /i;, h^^ ^i are the Yukawa couplings. Taking into account 
of the soft breaking terms, we can study the phenomenology within the minimal super symmetric extension 
of the standard model (MSSM). One difference between the MSSM and SM is the Higgs sector. There are 
four charged scalars, two of them are physical massive Higgs bosons and other are massless Goldstones. The 
mixing matrix can be written as: 

Z^=(-^^ -cos/3\ 
\ cosp smp / 



with tan/3 = ^ and vi,V2 are the vacuum-expectation values of the two Higgs scalars. Another matrix that 
we wiU use is the chargino mixing matrix. The SUSY partners of charged Higgs and combine to give four 
Dirac fermions: nf, k^. The two mixing matrices appearing in the Lagrangian are defined as 

{Z~)'^Mc2^ = diag{mn-,,mK2), (3) 

where Mc is the mass matrix of charginos. In a similar way, Zjj^d diagonalize the mass matrices of the up- 
and down-type squarks respectively: 

z}j,dMIZu,d = diag{ml^^). (4) 

We present the relevant vertices in Fig.|l] and Fig|2|. a, 6, c are the indices of SU(3) group in appropriate 
representations. We have explicitly written down the Yukawa-type couplings for the up-type quarks. For the 
down- type quarks, we use the symbol h^i = ^^^^ to represent the Yukawa couplings and the short-hand 
notation u)± = for the left- and right-handed projectors. 

2.2 Box-diagram results 

At absence of QCD corrections, the effective Hamiltonian for the — ^ mixing is obtained by evaluating 
the box diagrams (FigJ^. Neglecting external momenta and masses, the effective Hamiltonian for /S.B = 2 
transitions at the weak-scale is [p^] 

Heif = ^rnl ^ Yl ^i^jSaOa (5) 

ij a 

where Aj = Vny*^ iVij are the elements of the CKM matrix with z, j = 1, 2, 3) and the operators Oa are 
defined as 



Oi 


= dj^uj^bd'y'^uj-b, 


02 


= d'^^uj^bd'^^ujj^b, 


03 


= duj-bduj^b, 


04 


= diO-bduj-b, 


05 


= d(Tfj_yUJ^bd(T^^u)^b. 




= dj^uj^bd'y^uj^b, 
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with the parameter = —i-, the coefficients are given as 

^ sm p fc 

XiwXjw p,2k p'2k* p'21 p'2U f / ^. T T 

4sin^/3 ^ ^ ^ ^"-^ '^'"^^'^^ H~vi^-^H~ 

rt _ 1 / ^d^d / ^Ifc ^2fc* -3-2i -yl/* , ^2k ^Ik* ^11 ^21* \ <• / 



XiwXjw 



hdhb (^Z'ffZjj*ZffZff* + Z}jZ}j*Z'§Zff*^ fb{xiw, Xj^, x^-^, ^h'^n) 



+\ {fi^o<^ + «-'^^t.<.^-" )/«(%-vw' %-.„w' %-w> -.rw)) ' 

•^a = —252, 

_ 1 / ^twa:jw ,2-7ifc-72fc*-72i*-7U/- ^. ^ ^ ^ 
'-'4 — sin^/3 '^^^ ^ ^HJb\Xi^-,Xj^,Xjj-^,Xjj-^) 



S& — (^'^hdhb^}{^II*-^H-^H*fa{Xivf,Xjy;,Xjj-^,Xjj- 

--a'H^ib'^ja'-^ .jb'-^Jaixjji^^, x^j^^, x^-^, ^k^S^ ■ 

_ 1 / XiwXjw ,2 -y2fc -ylfc* -yl/* -y2f J / . • -F -F 

4 V Sin p "k"" 

k k I I 

~'S'^+,i^+,j^+,j^+,MXjji , X^j , X-^, X-^), 



Ss = \sr. (7) 
The functions fa,b{xi,X2,xs,X4) are given in the appendix.^ and the new symbols a±, b± are defined as 

— 'l'b^fji^2k ' 



Xvf 

\/2sin/3' 

On purpose, we keep the Yukawa-couphngs of the down-type quarks expUcitly in Eq.^, so that we can discuss 
any possible value of tan/3 in the Higgs sector. This is different from some early works|29, 25]. Another point 



which should be emphasized is that Eq.^ can recover the one- loop result of |25] as long as considering the 
unitarity of the CKM matrix and discarding the Yukawa couplings of down-type quarks. 

3 Explicit QCD corrections to the box diagram 
3.1 The general method to compute the two- loop integral 

In this section, we will give the explicit perturbative QCD correction up to 0{a.s\ The Feynman diagrams 
are drawn in Fig.^, Fig.|5| and Fig.^. Similar to the previous treatments [p6|, [2^ , |30| , we will carry out the 
calculation in an arbitrary covariant ^-gauge for the gluon propagator, where ^ = represents the Feynman-'t 
Hooft gauge and ^ = 1 the Landau gauge. The W-propagators is set in the Feynman-'t Hooft gauge. 

The two-loop Feynman diagrams including all SUSY particles can be categorized into five distinct topo- 
logical classes (a),(b),(c),(d) and (e) in Fig.^. Fig.^(c) and Fig.|^(d) are the self energy- and vertex-insertion 
diagrams respectively, whereas the other three classes are of complicated topological structures. 

Fig.^a, c, g), Fig.^(a, c, g) and Fig.^ (a, b, c, d) belong to the topological class shown in Fig.0(a); Fig.^(b) 
and Fig.^(b) belong to the topological class in Fig.0(b); Fig.^(f) and Fig.|5|(f) belong to the topological class 
in Fig.@(e); Fig.H(d), Fig.|(d) and Fig.|(e, f) belong to the topological class in Fig.0(c); Fig.||(e), Fig.|5|(e) 
and Fig.^(g, h, i, j) belong to the topological class in Figj^(d). The double penguin diagrams FigJI(h) and 
Fig.|5|(h) do not contribute for vanishing external momenta. 

To obtain the physical quantities, we have to deal with ultraviolet divergence. The divergence stems from 
diagrams Fig.^d, e), Figj5|(d, e) and Fig.p(e, f, g, h, i, j). In this case we employ dimensional regularization 
[31, 33] and we carry out the renormalization in the MS-scheme[31, 32]. 



For an effective Hamiltonian, all internal particles must be integrated out, namely, a condition that there 
exists at least one internal particle with rriint ^ ^ext where niint and niext refer to the masses of the internal 
and all external particles (bosons or fermions) respectively, is implied. In the case for 5° - B or - K 
mixing, mf, and should be set as zero in the resultant effective theory. At the 0-th order, e.g. when 
calculating the box diagrams, there is no problem in the limit of ~ = 0. However, when the QCD 
corrections are taken into account, b— and d— quark lines become internal in diagrams Fig.Q|a, b, c) and 
Fig.|5|(a, b, c), then under the limit ~ = an infrared divergence emerges. The divergence is artificial 
and can be eliminated in the full theory. The natural way to handle this problem is keeping all internal-line 
masses to be non-zero at denominator of the propagators. 

As well known, we need to achieve the effective Hamiltonian at lower energies and the QCD-corrected 
box diagrams would determine the boundary condition of RGE for the running of the Wilson coefficients. 
Therefore, the infrared divergence must be properly eliminated. In next section, following the standard 
procedures given in literature to build a matching between the full theory and the effective one at the scale—//, 
we can get rid of the troublesome infrared divergence. 

In the THDM sector of MSSM, the calculation is standard and consistent with the previous work, but 
because of the large masses of gluino and squarks, we need to take a more general treatment for calculating 
the contribution of the two-loop diagrams which include gluino. In the following part, we will illustrate how 
to compute the loop integral and separate ultraviolet divergence in one example. In (d) of Fig.^, We have an 
integral as: 

^ fJ^J^ 

J (27r)^ {2tt)D (A;2 _ m2)(A:2 - ml){k^ - m^^){k'^ - ml){{k + - ml){q^ - m^iq^ - mf) ^ ' 

where the rrii i = l,---,7 are the internal line (bosons or fermions) masses. The above integral can be 
decomposed as 

^{^,2 = ^SJ,2 + ("^3 + "T'4)-^(d),i - rnlml^d)fi, (10) 



with 



ja,l 



d^k d^q 



j {2tt)D {2ir)D {k^ -mj){k^ -m^2){{{k + qy -ml){q^ -ml){q^ -m^)' 

_ r d^k d^q k^ 
^'^^'^ ~ J {27r)D {2tt)D (A;2 - ml){k^ - ml){k^ - ml){k^ - ml){{k + q)^ - m2)(g2 _ ml){q'^ - m^) ' 



d^k d^q 1 



i {2tt)D {2n)D (fc2 _ ^2)(p _ ^2)(^2 _ ^2)(p _ ^2)((^ + g)2 _ ^2)(^2 _ ^2)(^2 _ ^ 



(11) 



Now, we calculate the loop integral 2 step by step. After the Wick rotation, it is written as: 
d'^k d^q 1 



ja,l 



id),2 J (27r)^(27r)^(fc2+m2)(A;2 + m2)(((A; + g)2+m2)(g2 + ,„2)(^2+^2) 



d^'k 



mi 



2 



{nil — rn2){'rnQ — rrij) J (2vr)-^ I fc2(fc2 + mf) k"^ {k'^ + 1712) 



{k + g)2 + Kq^ + uIq cp' + rn^ 



B{§,e)B{2e,l - e) [ mj 



{ml - ml){ml - m'^j) r2(f)(47r)^ 



m 



4s 



F(e, 2e; 1 + e; 1 - — - - F(e, 2e; 1 + e; 1 

X \ — X X 



dxx ^(1 — x) 
X51 X71 



^))-(m?-mi)) (12) 



2 

with Xij = F(Q;,/?;7;t) is the hypergeometric function [^J] and e = 2 — To derive Eq.l2, we employ 

i 

formula 1 35] 

00 

y" dtt^-^{l + + Z?)-'^ = B{^x - A, A)F(z^, // - A; /i; 1 - /3) (13) 



with i?e/i > ReX > 0. Using the definition of the hypergeometric function] 34, ^ 

F(a B-rz)-l + ^z+ «(^ + W + l) ,2 
i^ia,/^,7,^j-i+ ^_^^+ 7(7 + 1). 1-2 

a(a + l)(a + 2)/3(/? + !)(/? + 2) 3 
H — —rT7 — — — : — z H , 



7(7 + l)(7 + 2)-l-2-3 



we have 



2^2 0^2 

F{e, 2e; 1 + e; z) = 1 + ——z + 



2e^ • 1 • 1 -^-2 



^2 ^ 2g2(l. 2)(l-2) ^3 



1-1 (l-2)(l-2) (l-2-3)(l-2-3) 



+ ••• + 



2e2(n- l)!(n- 1)! 
n!n! 



y , , , 1-1 1-2 (1-2) , (n-l)(n-l „ . 

2-12-3 2 







n!(n — 1)! 



z"-' + ■■■ + 



Z 

l + 2e2y" dz F {1,1; 2; z) + 



(14) 



l + 2e2Li2(z) + --- . 



(15) 
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This is the key formula to proceed our computation and Li,^{z) is the dilogarithm function, which is defined 



as 

z 



^ , , , ln(l - ~ 

Li, {z) = - j dt \ =^^^ < 

n=l 







Using Eq.l5, we have 



^(fl) 2 ~ 7 — 2 2w — 2 2\ i "^1 ( '^-^«2 (^51 1 3;61 ) — SLi, (xsi ,0:71 

47r^ (mf — 771.2 )(mg — TTiy) \ ^> 

-m|(5Li2(x5i,X6i) -5Lj2(a;5i,X7i) ) ) (17) 



and SLi,{a, b) is 



-1 0^ Jj 

SLi,{a,b)= dtLi,{l---- 

Jo t I — t 



which is a continuous and analytic function p^], whose general expression can be found in Appendix. y. In the 
above example, -^"^) 2 "^o^^ contain divergence. Now, let us look at another part that contains ultraviolet 
divergence. In the same diagram Fig]^(d), there exists I^^^^ ^ which is ultraviolet divergent, the corresponding 
integral is 

. _ /• dPk dPq k^c^ 



^td),2 + "^7%,i + ^ll\d),i - mlm^^I(d)fi- (18) 



+ "^7-'(d),l + ^4^(d),l " 
rdA ra,l rb,! tC,1 



The explicit forms of -^(rf) 2' ^(d) i' -^(d) i' ^(d) 2^ hd),o^ ^'^^ given in Appendix.^. For convenience, we calculate 
only one of them as an example to display how to deal with them and obtain corresponding result. In the 
above expression, the form of I'^^ ^ is 



{d),2 J {2Tr)D {27r)D {k^ - ml) {k^ - ml) {k^ - ml) {{k + q)-^ - ml) {q^ - ml)' ^ ' 

Explicitly, we have a solution 

^ti,2 = 7^4 E rr ( ( - + In 4^) In + (s - 7^5 + In 4^) In 

- In^ Xi^ - SLi2{x5i,XQi)]. (20) 



d^k d^q 1 



Generally, in the self-energy (class Fig.0(c)) and vertex (class Fig.0(d)) insertion diagrams, there is ultraviolet 
divergence which needs to be renormalized; in the other topological classes (Figj^(a, b, e)), no ultraviolet 
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divergence exists. Certain renormalization procedures can eliminate the ultraviolet divergence, here we employ 
the MS (the modified minimal subtraction scheme) to do the job. 

Now let us turn to possible infrared divergence which may occur in the integrations. 

We expand the two-loop results with respect to mf,,mf^ to order 0{mij^d) and then let the masses of the 
down-type quarks (d, s and b) approach to zero. Explicitly, SLi^{a,b) is written as 

SLi^ (a, h) = i?! —— In a ln(l — a) -|- a In a In aLiJ—) — Li,, {a 

V 6 a a ' 

+ r a(-^ + ln a 1-a In + L,, ^ _ L _ + ^ 

a— IV^o a a — 1 o 1 — a 

- ( In a In 6 - (a) - ^ In^ a - ln(a(l - a))) ^ + 0(6^) (21) 

with 6 — > 0. Obviously, Eq.(^) indicates that as mf, ~ md = 0, ll^^^''^'^'^'^ , ^1a)i ^"^^ l'^^'2'^'^'^ , ^1b)'i would 
blow up, however the superficial infrared divergence is benign as long as we retain the masses of the down-type 
quarks to be non-zero. 

As discussed above, the QCD correction to the effective Hamiltonian of Eq.^ is given as follows 

^^^// = 3"^w^E-^^A,f/,,, (22) 

where 

8 

Ui,j = ^(l)kOk, (23) 

k 

with Ok being defined in Eq.^ and (pk are written as 

(/)^ (k=l, 2, • • •, 8) are the contributions of gluon and (j)^^ come from gluino corrections, c/)^ have been derived 
and are of following forms 

j.g ri t(^^ c < ^ o ^ ^ o\ ^^^^ ^^dw In Xd„ - Xb„ In c. 



\ - \i) lnx,„x,.5i + ^(1 - ln.,5i - (4 - 0^2^^;^^ In ^ 



+21nx^(V^5i), 

^2 = - -:riS2 + ( — - + -:rOS2 + 7t(2 - 6-52 Inxw^d^ 

10 



+(4 - (1^1 - + - ^Sr) In 

v6 12 6 12 / — Xft^ 

+^(1 - lnx^>52 + 21nx^(Va.52), 

-^ij + ^^'^2 + - ^0 Z ^ ~ ^^^^ ^^Xd^Xb^ 

o o o Xdw Xhw 

-(4-0 (3^1 - + - -^Sr) ^^^^ In — 

- — {1 - lnx^52 - 41nx^(V^52), 

4 1 10 1 4 10 Xdwlna::dw 



3-1- t-y ^ ty "J / \ O 

3 6 ml -ml 

g 

+-(1 - lnx^54 + 21na;^(V^54), 



'12 6 12 3 6 Xdy, - Xbw 

-\ — T;;-S4lnxdwXbw + 777(4-0-^2^ 

12 24' ' mj-m( Xby, 

2 1 
+ 3(1 - lna;^5'4 + ^ InXi^iVxS^), 

- ^Y^e + + -5rJ - y (1 - ^^^^^^ S, 

+ (^ - lO Inxd^Xb^S, + ^(1 - 6 In - (4 - 0^2^^^^^ In ^ 

+21nx;,(V^56), 

Hi + ?(q'^6 - - 0^1) + (- o + Y^^-^^ 

u (J <j u u ■^dw <^ow 

H — 5— -^rlnxrfwXfew + ^(4-C)'32^ o 

3 6 m^-ml Xbw 

+^(1 - lnx^57 + 21nx^(V^57), 

+ ^(t^-^S - ^.57 - z-:Si) + {-- + -OS7- 



'12 6 12 3 6 Xdw - Xbw 

,2-^ .5 mbmd ^ Xd^ 

12 24 ' ' - m^ Xbw 

2 1 
+ 0(1 - Inx^S'r + - lnx^(Va;S'7), 
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2 

where = and /i is the scale at which the heavy degrees of freedom are integrated out. 

It is noted that there are logXj terms in the expressions. In fact, the situation for the Feynman diagrams 
including the vertex and self-energy insertions is more subtle, because these kinds of diagrams are logarith- 
mically divergent. When the masses of the inner loop (vertex loop or self-energy) are much greater than that 
of the outer loop, logarithmic divergence log ^ may emerge where rrii is the mass of the particles in the 



inner loop (vertex correction or self-energy) and nie is the mass of particles in the outer loop |45| 
Here, we have defined a new symbol 

Va; = oXi^fj— h oXj^— Zx TT- — I \- Zx TT- — h oX 



d d d 

+^'^-rw9^ + ^'^c/vw5^T— + 2x^'„w9— — • ^^^^ 

One should note that all the masses entering the functions are the masses evaluated at the scale. Lfj 
(a = l,-,8) are complicated functions of inner line masses, which are collected in the appendix. When we 
derive the above results, the Fierz-transformation is used to organize the emerging operators into the form of 
color-singlet current^color-singlet current. As for the diagrams contain the ultraviolet divergence, we have 
taken the 0{e) contributions into account seriously. The results depend on the gauge parameter, and are 
infrared-divergent as mf,^d ~^ 0- However, the infrared divergence and gauge-dependence vanish after we 
match the full and effective sides of the theory and the explicit procedure of the matching is shown in next 
subsection. 

3.2 Wilson coefRcient function of Oi 

The effective Hamiltonian to order 0{as) is given as 

^eff = Hlff + Ai^e//, (27) 

where -f^e// pure box contribution and Ai/e// is the Hamiltonian resulted in by the SUSY-QCD 

corrections. To obtain the Wilson coefficients in Eg. (p7[) , one needs to properly handle the matching condition 
between the full theory and effective one. 

As stated above, the Hamiltonian contains the infrared divergence and gauge dependence. In order to 

obtain physics results, we need to match the effective theory to the full theory. Before doing this, we evaluate 

^ Here "inner loop" refers to the loop for the inserted self-energy and vertex corrections, whereas "outer loop" is for the loop 
part outside the "inner loop". These notations are taken to distinguish "inner" and "outer" from "internal" and "external" 
quantities in the loop evaluation to avoid possible ambiguities. 
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the matrix elements of the physical operators Oi{i = 1, ... ,8) up to order 0{as) using the same regularization, 
renormalization and gauge prescriptions employed above. The one-loop diagrams which are responsible for 
the corrections to the operators Oj are given in Fig.^, the results are 

= + £^ E {CFr'i^of^ +T^<^ rVjf of )) (28) 



with 



3 



J8) 



Ji) = _3 + 2(1 - (l + In X, - ""'^ - ""'^ 

f,) = (4-0^?^ln:^, 

f^) = _5 - (4 - C)(21nx^ - lnx,„xw) + 2(1 - Ofl + Inx^ - ^'^w In x,. - In x,. 



rg)=-2(4-e)^?^ln^ 

r-!? = ri7^ = -(4-e); 



4? = riJ = ^(4-0; 

41^ = ^(4-0^?^ In ^ 
2 m^^-m( Xfc^ 



(1) _ „ , ^x/. , , Xd^lnxdw - Xb^lnxb^ 



-3 + 2(l-0(l + lnX/, 



.« = l(4-0^?^ln^, 

f,) = (4 - e)(lnx..x,. - 2 "^-^^^'^--"^-^""^- ) - 8 - 2C, 



-2(4 -e), 



mj-ml Xb^ 

(8) (8) 4-^ mbmd Xd„ 
~ ~ 4 m^-m^'^x,.' 

oc^ofA c\(^^^ Xd^lnxd^ - Xb^\nxb. 



4-2e + 2(4-0(ln 
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-- - 2^ + 2(1 - ( Inxd^a^bw ^ 



1 mfemd a;dw 
-(4 - ^) — 5 ^ In . 



-2(4-0^?^ln^, 
- 'Tib 



1 mfcmd 
-(4 - 0^ 2 1" ' 



^ ri , ^ n *^dw 

-^)(2 + lnxdwa;6w - 2 1, 

V .Tj,„ — .Tf,,,, / 



3 1 1 Xd^lnxrfw - ajfewlnxfe^ 



4 4 2 s;^;^ Xfew 



Inx^ - 1 

■^dw ^bvf 

3(4-0, 



-24(4 -0^?^ In ^, 
- ml 

-32 + 48 In - 12 In x^wa^tw - 24 , 

2(3 + ^) (3 + InxdwXfow - 2(1 + 0, 



- Xb^ In \ 

-3 + 2(1 -0(1 + lnx/, 1, 

^dvi ^bw 



nibnid . Xrfw 
- m( Xbw 



-5 - (4 - 0(21nx^ - Inxd^Xbw) + 2(1 - 0(l + Inx^ 



•^dw 

Inxrf 



•^dv 



-2(4-0^?^ln^. 

rg^ = -(4-0; 
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„(8) _ (8) _ l/4_ 



-^2(4 -6 ;^""^% In ^ 
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.(8) 



4-2e + 2(4-0(ln 

r(4-6 



1 

4' 



2 rnj-ml 
(8) _ c^/o.i ^ Xrfw In Xrfw - Xbw In Xfe^ 
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(l-e)(2 + lnxd„Xbw-2 



(8) 3 1 1 Xdw In Xrf„ - Xb„ In x^^ 
' In x^ + 7 In Xft^Xdw H 



,(8) 
71 



1 . —uw — ixw I Q 

-^(4-0, 



(1) n,-/^^'^wlnXrfw - SfewlnXbw , 

- 24! mx^ 



rg^ = -24(4-e)^?^ln^, 
rg) = -32 + 48 In X, - 12 In x,„x,. - 24:^-^" " 



4? = 2(3 + ^) ^^wlnx,.-xwlnxw _ ^3 ^ ^^^^^^^^ _ ^ (29) 

The other elements of A^'^^ are zero. At the scale fx where matching between the full Hamiltonian and the 
effective one is made, the matching condition can be written as 

Heff = H^ff + ^Heff 



= |iA,A,d^(M) • Cifi) (30) 
where O^") are the tree-level operators, but 0{fj,) are the QCD-modified operators and C{fi) are the corre- 



sponding coefficients. From the Eq.28 and Eq.|29|, we obtain 



d(/.) = (l + |ir)dW, (31) 



47r 
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where matrix r can be obtained from and is read as 



(8) 



where I denotes the unit matrix and J- is the Fierz transformation matrix in the basis Eq.^: 
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The coefficients C(/u) are obtained by comparing Eq.|^ with Eq.31p7|: 



where C{fi) are given as 



C2{fl) = S2 + 



j + + Cf (5i + 2 In Xf^Si + 2 In x^V^Si 
+Ca((3 + 6\nXf,)Si + 4(^4 + S5) - (87 + Ss) 

~f] + +CF[-\s2-^\nx^S2 + 2 In x,,V^S2 



4tt 



+ 12^^. 



a.9 



C3{f^) =S3 + ^ 41 + +Cf[S2 + ^ \n x^S2 + 2 In x^V^S, 



4tt 



13 ■ 



dill) = Si + ^ [4^ + Lfj +Cf{- 1254 - 24 In x^S^ + 2 In x^^V^S^ 

-^i H — —Sa + —S5 H — 241nxu54 H InXnS^ 

12 6 16 12 ^12 ^ 



a 



C5(/x) = ^5 + ^ Uff + . + Cf{- I2S5 - 241nx^55 + 21nx^V,5, 



143 191 31 1 c ^ 1 1 Q 

-^^1 + + + -Se - 61nx^54 + - Inx^^s 



C6(/x) = Se + 



a.. 



'-f f + ( 56 + 2 In x^Se + 2 In x^V,.5 



4tt 

+Ca({3 + 61nx^)56 + 4(57 + Ss) - {S^ + 55 
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Crifi) = S7 + ^ [4:] + +Cf{- 1257 - 24 In x^^Sj + 2 In x^V,57 

143 191 31 1 Q ^ 1 1 Q 

12 lb 12 ^ 12 



1258-241nx^58 + 21nx„V^5i 



143 191 31 1 e ^ 1 , c 

+ —Sr + -Ss + -Si - 61nx^57 + - lnx^58 



(35) 



with Cp = |, Ca = |, and Si through 58 are defined in Eq.(7). Hence, at this stage we have the expressions 
for the Wilson- coefficients at the matching scale fi, which do not suffer from the infrared divergence under 
limit of TJib ~ md = 0, and this is consistent with the requirements for the effective Hamiltonian. The next 
step is to perform an evolution down to lower scales. The renormalization group equation for the Wilson 
coefficients C reads 



7 



C{fi,as 







(36) 



where 7 is the anomalous-dimension matrix and /3(as) is the usual /3 function. The solution of the Eq.36 



is discussed in [37| and we only cite the result here. Through the renormalization- group evolution matrix 
W(m,/i), the vectors C(m) can be written as 



C(m) =W{m,fi)C{fi) 



(37) 



with 



W(m, yu) = 



1 + 



as(m 



J{m))u{m,^^)[l + ^^J{^,) 



where U is the leading-order evolution matrix 



as[m) 



(38) 



(39) 



and the matrix j is given in [5^]. To obtain the above formulae, the computer algebra system MATHEMAT- 



ICA 4.0|4|] and MATHEMATICA-based package FeynArtsQ are used. The package TRACERgJ is used 
to evaluate the spinor structure. 

The main purpose of this work is investigating the gluino corrections to the — ^ mixing in the 
supersymmetric scenario with minimal flavor violation. Before proceeding our discussion, we would analyze 
the gluino corrections to AH^jf first. In order to understand the point thoroughly, we neglect the mixing 



between the right- and left- squarks. In the case, -Zj-^ = Z% = 0, Zj^, = Z'^^, 



1 and rri/ 



m 



Ql 
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m 



y=,i . In the computation of corrections from gluinos to — B mixing, the fohowing terms will 
appear in the coefficients of Qi(^) (Fig.^(g,h)) 



Q/3 



1/3* 



rp2e T?2a 



^2d 
D 



(40) 



where Xi {i = 1,2) represent x^i^ (I=l5 2, 3) and Xk 



3,4) represent x^-^ {I = 1,2). When Xg ^> 



X , x^3 , we have 



^ / N . G'jp 2 . . r „ ^ xl,. In 



~i n (^jv 



111 SJgw 



2xtw In 



1 + 



(Xjw - 1)^ (Xtw - 1)2 

Here, we have presumed tan /3 ~ 1 and the contributions to other Cj(/i) (i = 2 



In X(jw 



(41) 



are suppressed by the 



small Yukawa couplings hf,, h^. In Eq.41, we have set xi = X2 = xt^ and X3 = X4 = 1 (this choice corresponds 
to exchanging 1^-boson and top quark in the outer loop). Similar analysis can be performed in calculating 
the contributions of Figj5|(e,f) (self-insertion diagrams), and we will find the amplitude growing with lnxg„ 
when rrig ^> m^z- A similar conclusion is derived in the SM, where the one-loop radiation corrections to mass 



of the W-boson is increasing with Inm^ [rrih is the mass of the standard Higgs)|41|. When tan/3 1, the 
corrections to the coefficients Ci{p,) {i = 2, ■ ■ ■ ,8) must be taken into account seriously, because those terms 
cannot cancel each other among themselves and are enhanced strongly when the mass of gluino nig is much 
greater than rrijjz . If we consider the mixing between the left- and right-squarks, the expressions would be 
very complicated and we present them in the appendix. We will further discuss the gluino corrections in the 
section of numerical results. However, for illustration of the physics picture, neglecting such mixing would 
not bring up any confusion. 

3.3 Hadronic Matrix Elements 

To numerically evaluate the B'^ — ^ (K^ — ^^) mixing, besides the low-energy effective AB = 2 Lagrangian, 



one needs to properly calculate the hadronic matrix elements of the various operators in Eq.27. Estimation 
of such hadronic matrix elements is notoriously difficult, and is generally accompanied by large uncertainties 
due to long-distance, non-perturbative QCD effects. Fortunately, although the same case holds in the current 
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context, there are two factors which mitigate those hadronic uncertainties in our ensuring phenomenological 
analysis: 

• The super symmetric contributions to — and 1^ — mixing in the MSSM with minimal flavor 
violation give rise to the same operator Oi that exists in the standard model. This makes comparison 
of the supersymmetry and standard model contributions relatively straightforward. 

• For the 5^ — B^ system, the vacuum saturation approximation employed below is believed to be a good 



approximation. This belief is supported by the lattice Monte Carlo estimates which give Bb — |39|| . 



We begin by restating the conventional result for the operator Oi: 

<K'\0,\lf>=\flmlB],, 



(42) 



where fx — 165MeV is the K-meson decay constant and B]^ = 1 corresponds to the "vacuum saturation" 
result. Various estimates of this matrix element place B]^ in the range of 0.3 1^], with a value B]^ ~ 0.7 is 



favored by the lattice gauge results|38, ^]. Matrix elements of the other hadronic operators Oi (z = 2, • 
can be written as 

2l 



< K 



< K' 



O2 
O3 



K > -- 



K > -- 



1 1 



rriK 



4 6 ynis + nid 



mlflBl, 



1 1 



rriK 



^2 f2 d3 



K >= — 



24 4 \ms + rrid 
2 

2 f2 d4 



24 \ms + rrid 



K > 



niK 



4 \ms + ma 



mlflBl 



K > -- 



rriK 



24 \ms + nid 



K >= - 



niK 



^2 f2 r7 



mlflBl. 



(43) 



4 ynis + md, 

Similarly, the factors B]^ (i = 2, • • • , 8) are associated with each of the matrix elements in Eq.43. 

The corresponding results for the IS.B = 2 matrix elements are simplified by the fact that the current 



algebra enhancement factor 7 



1 is sufficiently accurate to present experimental tolerance. Thus we 
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have 



< 5° I Of 



b' >= 

-nO 5 2 2 

>= \fWB, 

b' >= ^^fWs, 
B >- -^Jb^b^ 



However, the potential benefits gained by setting 5^ ~ 1 (i = I,- 



(44) 



for the B^ — B^ matrix elements of 



Eq.44 are partially offset by our ignorance of Jb- 



4 Numerical result 

In this section, we will give the numerical discussions and compare our results with experimental data. Before 
presenting the numerical results, we list the input parameters that are used in our discussions. For the CKM 
matrix elements, we use the Wolfenstein-parametrization with parameters A, A, p, rj. The SM-parameters 
are set as: Gp = 1.166 x 10-^GeV"^ as{m^) = 0.12, as{mh) = 0.22, as("^c) = 0.34, A = 0.80, A = 0.22, 
mh{m^) = 4.5GeV, mdm^) = l.SGeV, nit{m^) = 167GeV, fs = 0.2GeV, fx = 0.167GeV. For parameters 
p, rj, we have p = 0.36, ?] = 0. The factor i?]^ are chosen as B]^ = B\ = B\ = Bj^ = Bj^ = B^ = BJ^ = 
B\ = 0.7. Using above parameters, the SM-predictions on Am^ and Am/v are 



Amij(SM) = 2.18 x lO^^^GeV, Ami^(SM) = 2.89 x 10~^^GeV. 



15/ 



At present, the experimental results are 



Ame = (3.10 ± 0.1) x lO^^^GeV, Am^ = (3.491 ± 0.009) x 10^'^GeV 



15. 



20 



For the supersymmetric model with minimal flavor violation, the free parameters to be input are chosen as 
follows: tan/3 = m^-, m^-, ^fri ; "t-r , f^h (a, A=l, 2) and the mixing matrix 

^V' = i "Z^^c[ fli'^' ) > (45) 



sin 67/ cos f 



Z^=( ^^^^^ V (46) 

^ \^ -smCs cosCb / 

^ ( cosC^, sinC^ \ 
As for the mixing matrices of charginos Z±, they can be fixed by the values of tan/3 and rn^-. In the 

i 

numerical calculation, we assume that only one scalar quark is light and other heavy scalar quarks are 
taken as m^^ = 4.5TeV, m^^ = 4.7TeV, m^^ = 4.6TeV, m^^ = 4.8TeV, m^i = 4.1TeV, m^i = 4.9TeV, 

mfT2 = 4.05TeV, Tnfj2 = 4.95TeV and 771^73 = 2.1TeV. For the heavy chargino, we set m - = 2.2TeV. In 

^1 '^2 ^2 ^2 

order to suppress the number of free parameters, we assume the mixing angles to be equal ~ Cb ~ 
and focus on small value of tan ^^ji 

We obtain the dependence of AniB on the lighter scalar top quark mass with m - = llOGeV, nig = 
300GeV, tan^^j = tan^^ = tan^^ = and tan/? = 1,5,30. We find that as the lighter scalar top mass 
is greater than 300 GeV, the dependence is very mild, namely Ams almost does not change at all as ^T^^3 
increases further and results with and without the gluino contributions only deviate by a constant of about 
0.3 ~ 1.0 X 10^^^ GeV depending on tan/3 value. 

The dependence of Auib on the lighter chargino mass is similar to that on the lighter stop mass. With 
mjj3 = 150GeV, rrig = 300GeV, tan^^/ = tan(j^ = tanC^^ = and tan/3 = 1,5,30, as the chargino mass 
is greater than 200 GeV, the dependence is very mild, namely Ams almost does not change at all as m - 
increases further and the results with and without the gluino contributions only deviate by a constant of 
0.2 ~ 0.8 X 10^^^ GeV depending on the tan /? value . 

In Fig.^, we plot the dependence of Auib on gluino mass rrig with nT-^- = HO GeV, mjj3 = 150 GeV, 

tan ^^_r = tan = tan = and tan /3 = 1, 5, 30. We find that Am b more sensitively depends on the gluino 

mass. Obviously, the results including NLO corrections from gluino are closer to the data than that without 

gluino contributions. It is also noted that as tan/3 ~ 1, the data favors heavier gluino, i.e. nig is greater than 

a few TeV's. But for tan/3 > 5, the data favors mg ~ 400 ~ 600 GeV and the dependence of Atub is no 

longer sensitive to tan /?. 

^As free parameters, they can vary in the range — -f < Cc/j i Csi Cd f 
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For the case that the mixing between left- and right- squarks is non-zero, we take tan^j^/ = tan^^ 



tanCj = 0.1 and plot Aitlb versus nig in Fig. 10. The situation is very similar to the discussions given above. 



Now, we turn to the — mixing. In Fig. 11, we plot the Amx versus the mass of gluino with other 



parameters being set as m^- = 413GeV, rrijjs = ISOGeV, tan = tan C/j = tan = and tan /? = 1.5, 5, 30 
respectively. From these figures, we find that Amx is modified obviously when nig varies. 

It is noted that we assumed rrij^^ ^ "^i/s above numerical computations, at present a possibility 



m 



~ rriQs is widely considered. We have re-calculated the resultant dependence of Am^ and Amx on the 
gluino mass with = Tn^s = ISOGeV as input. Our numerical results show that for smaller gluino mass 
of about 300 GeV, the changes from that with larger m^^ are very small and completely negligible. When 
the gluino mass turns larger, we find that the curves drop a bit faster. Concretely, as gluino mass reaches a 
region of about 3 TeV, the value of Ams is about 1.5% smaller than that with m,j^^ = 4.7 TeV, and Amx is 
only suppressed by a factor of less than 1%. 

From the above numerical analysis, we find that the gluino corrections cannot be neglected even when the 
gluino mass is very heavy. In the general case, the gluino mediated corrections depend on the choice of the 
parameter space and must be taken into account seriously. 

5 Conclusions 

We analyze the gluino mediated corrections to — ^ mixing systematically up to the Next-to-Leading 
Order in the supersymmetric extension of standard model with minimal fiavor violation. In the general case, 
the gluino contributions are evident and cannot be neglected in the NLO QCD corrections. Our technique can 
be used in other rare B processes such as 6 — > ,57, b sg, b — > sZ and b — > se~^e~ in the total supersymmetric 
calculations. After the systematic analysis on the B- and K- systems, we can expect to extract some constraints 
on the supersymmetric parameter space. 
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A The functions in the one-loop calculations 



The functions in the one loop integrals are 



fa{xi,X2,X3,X4) =Y^ * 



~{ n {Xj - Xi) ' 



Xo In Xn 



Mxi,X2,X3,X4) = ,^ , 

j=l 11 \Xj Xi) 



when X3 = X4 = 1, they turn back to 

/ xjlnxi xl\nx2 
fa{Xi,X2,lA) = 7 TTi ^ + 



+ 



(x2 - - xi)2 (xi - X2)(l - 3:2)^ 
1 



/b(xi,X2,l,l) = ( 



(1-Xi)(l-X2)' 

xilnxi X2lnx2 



+ 



(X2 - Xi)(l - Xi)2 (Xi - X2)(l - X2)2 
1 



(1-Xi)(l-X2)' 



B The integrand functions of two loop 

In this appendix, we give some necessary integrals that are used in the context. The five topological diag 
are drawn in FigJ^ the integrand functions are defined as 

T / 222222 2\ 
,2 2 2 2 2 2 2\ 



ja I I I I I I I l\ 
"^2> "^3> "^4) "l5, mg, 

rb I 2 2 2 2 2 2 2\ 

7-c/222222 2\ 
"^2> "^3> "^4) "l5, mg, 

ra/2 2 2 2 2 2 2\ 

/(•) 2(mi, ^2, mg, m^,mQ, m^) 

rb I 2 2 2 2 2 2 2\ 





d^q 


1 




2Tr)D 




d^k 


d^q 


k^ 




27r)D 


^» ' 


d'^k 


d^q 






27r)D 


^(^) ' 


d^k 


d^q (k + q)' 




2tt)D 




d'^k 


d^'q 


k^ 


{27r)D 


2Tr)D 


^(^) ' 


d'^k 


d^q 





(27r)^ 2tt)D 
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TC f 2 2 2 2 2 2 2\ 

I(i),2i'^i,rn2,m^,m4, m^,m(^, nij) 

rd t 2 2 2 2 2 2 2\ 
^(i),2("T'l' "^2> "^3' "^4> "^5> "^6) "i?) 

re/'222222 2\ 

%),2 {'"T'i,rn2,m^,m4,m^,m(^,mj) 

r//222222 2\ 
^(i),2("^l' "^2> "^3' "^4> "^5. "^6) "i?) 

where the definitions of A^^^ are 

^(a) = ik' - ml)ik' - ml)ie - + qf - ml){q' - ml){q' - ml){q^ - m?), 

^(b) = {k" - mDik" - ml)[{k + qf - ml){{k + qf - ml){q^ - ml){q^ - ml){q^ - 

= - „i2)(^2 _ ^2)(^2 _ ^2)(^2 _ ^2)(^2 _ ^2)((^ ^ ^)2 _ ^2)(^2 _ ^2)^ 

^(,) = - niDik" - ml){k^ - ml){k^ - ml){{k + qf - ml){q^ - ml){q^ - m?), 
^(,) = - ml)ik^ - rriDik' - ml){{k + qf - ml){{k + qf - ml){q^ - ml){q^ - 

Here, i = a,b, c, d, e are the indices of the diagrams in Fig.^ 
The loop integrals for diagram A are decomposed as 

I{a),2 = -^5),2 + ("^2 + ™i)-^("a),l " "^2™3^{a),0 , 

I{a),2 = lla),2 + ("^6 + "^7 ) -^fa) , 1 " "^6™7^(a),0 , 
jc _ jc,l I ^2 jc 

,1 + m-l^fa),l - "T-3"^4-^(a),0 , 

,0 ; 
,0 ) 
,0 



r d^k d^q {k + qf 
J {2^)D2n)D ' 

f _(P^dPq_^Wi 

/• d^fc d^g k'^{k + qf 
J (2^2^ I^^^ 

/■ d^k d^q {k + qfq^ 
J {2^)D 2^)D A,^ 



(a),2 


- ^{a),2 ^ "•'4.^{a 


-d 

(a),2 


= Itl^ + <l\a 


e 

ia),2 


= ^(4,2 + -3^{a 


f 

(a),2 


- \a),2 + "^4-' (a 


-a 

{a),l 


= ^(a],l + "^Iha 


b 

{a),l 


r*>l 1 2 r 
= -^(a),l + ^iha 


c 

(a),l 


tC,1 I 2 T 
= ^(a).l + ^Aha 
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with 



^(a),2 = E n {r^f- m^) ( 1^ ( J - + ln(47r)) - SL^, {x^p, X4p) 

+ (3 - 7E + ln(47r)) Inxp^ - In^ Xp^^ , 

+ (3 - 7E + ln(47r)) lna;p^ - In^ Xf, 

-^fa) 2 = 7T^ 2^ 2^ T-r . 2 — 2 \ TT <- 2 2^ ( " " 7e + ln(47r) 1 in(a;pi^Xp2^) 

+ (2 - 7E + ln47r) hi(xp^^Xp^^) - ^ ln^(a;pi^a;p2;i)^ , 

^S,2 = ^2 _ ^2 (4^)2 E n (m2 -m2) ('5^i2(^4p,^5p) - SLi,{Xip,X^p)) , 

-(2 - 7E + ln47r) ln(xpijuXp2;^) + ^ ln^(xpi^a;p2^)^ , 
-(2 - 7B + Ih^tt) ln(a;pi^Xp2^) + 2 

-^fall = 2~ 2 77~\4 E TT / 2^ ON (™'1'^^»2 (3^41,2:^1) - ^Tll^L ^2 (^42 , Xp2 ) 

(a),i — m2 (47r)^ ^ ('^ct "^o) ^ 



3 ^2 



^(all - ^2 _ ^2 (4^)4 E Yl {m{- mj) ('5^«2(^4p,X5p) SL,,{x,p, X,p)) , 
jC,l _ 1 \ ^ \ ^ ^'pi 1 2/ \ 

- 2(47r)4 ^ -^^ n «-<) n - m2 J ^^''^'^^''^''^ ' 

2^7 ^2 
-^(a),0 = ~ / . -14 / > / , ^Ff 5"^; F? 7 5 5^>5Lj2 (X4pj , Xpjpi ) • (53) 
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For the diagrams of class B, the loop integrals are decomposed as 



and 



ltb),2 = 4'i2 + ^l^lb),! + ^7%,! - mW7l(b),0 , 

%,2 = ^5J,2 + "^2^W,1 + - ^i^4-^(6),0 , 

^{b),2 = ^{b),2 + ^P{b),l + ~ '^l'^7hb),0 > 

^ib),! = ^{b),l + ^7hb),0 ' 

^(6),1=^5J,1+"^I^(6),0 (54) 



= (i;^ E ]-j (jr/ - jn'') \K~e ~ + ^''^'^''^) ^'""''''^ + (2 - 7b + ln47r) Inx^^ 



p=5 



2(mi - ml) ^^'(^3MXp^) + 2(^2 ^ ^2) ln2(x4^Xp^) j , 



(<S -Li2 (a;32 , 2:52 ) - <S -Ljj (^42 , 2:52 ) 
^5;,2 = E n(m2-m2) ((i ~ + ^''^^'')) ^'^"^^^ + (2 - 7E + ln47r) In: 

'^l 1 2/ \ "^2 1 2/ \\ 

2(mf — m2) 2(mf — 7^2) / 

4),2 = - (4^)4 - ml){ml - ml) ("^il'^^^. (^15,^35) - 5L,(xi5, X45)) 



-m6(5Lj2(a;i6,X36) - 5Lj2(xi6, X46 

X TTiP' / X 
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■ ~ >5Lj2 {xip, X3p) 

1 1 



^& = - (4^)4 (^2 _ ^2)(^2 _ ^2^ (m?(5L,,(x31,X5l) - (X31 , Xgl)) 

-m2 (<S (a;32 , X52 ) - <S -Lij (2^32 , ^62 )) j , 



7 ^2 



1 = — X4 7 — 2 2V? — 2 2\7 — 2 2t("''i('^-^»2 (^31)3^51) " ^Ljj (X31 , Xgl) 

-5Lj2 (x4i , X51 ) + <SLj2 (a;4i , X61 )) - m2 Li^ (^32 , X52 ) - 5 (X32 , xq2 ) 

-SLi^{x42,Xr,2)+SLi^{x42,XQ2))^ , 
11^ 1 

= (4vr)4 ml - ml g D {ml - mj) H'5L,,(x3i, - m^5L,, (X32, x,2)) , 



1 1 '''1 

A&),0 = -r47r^4 f„,2_^2^f^2_^2^ 12 Yl {m.l - ml\ [^l{SL^,{x^^,Xp^) - SL,,{xu, 



(47r)4 {ml - ml){ml - ml) U {ml - mj) 



-ml(SLi^{x32,Xp2) - SLi^{x42,Xp2fjj . 

The reduced formulae for the self energy insertion diagrams (class C) are: 

I(c),2 = Iic),2 + ("^4 + "ii)^fc),i - mlmp^^^^o , 

^{c),2 - \c),2 + "^7^(c),l ' 
-^(c),2 = I{c),2 + mplc),l , 



Ilc),2 = -^5)^,2 + "i5^(c),l + "i6-ffc),l - "ii"ii-f(c),0 , 

^lc),2 = ^(c),2 + mplc),! + mpl^^i - m^m?/(e),o , 



rb 7-6,1 , 2 T 
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- In^ a;p^ - SLi^ {x^p, xrp)^ , 

^ E "^Yilml-Q) ((i " ^ ^''^^''^) + (2 - 7ij + ln47r) ln(xp^X6;.) 



(4 



(4^ E "^YUrr^-rn^) ((i ~ + ^''^^''^) ^^(^pm^^m) + (2 - 7b + ln47r) ln(xp^a;7^) 



E n (m^-m2) ((i ~ ^ ln(47r)) ln(xp^X7^) + (2 - 7^ + ln47r) hi{xp^x^^) 

~\T?{Xp^X7iS^ , 



0, 

4 ^2 



- In^ ajp^ - SLi^ (x6p, XTp)^ , 



E n (w2 - ( (- - 7£ + ln(47r)) ln(xp^X6^) + (2 - 7^ + ln47r) ln(xp^a;6^) 



2 In (a^p^a^e/.) ) , 



1 



(4^0^ E n (m2 - m2) ((e ^ + ^''^^''^) I^^^-^/^^^m) + (2 - 7i5 + ln47r) ln(xp^a;7^) 



''-^ c+P 
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hc),o = E n {m{-mj) [(l ^ + ^"^^''^) ^'''''"^ + (3 - 7i? + ln47r) Inx 



- In^ Xp^J, - SLi^ {xap, X7p)j . 
In a similar way, the formulae for vertex insertion diagrams (class D) are decomposed into 

rb rb,! , / 2 , 2 \ rb 2 2 t 

hd),2 = I(d),2 + ("^6 + "^7)^(d),l - m6'm7l{d),0 , 

^{d),2 - ^{d),2 + ^b\d),l ' 

ltd),2 = ltd),2 + ^l^U,! + ^7l{d),i - -mlrr^Iidlo , 

I{d),2 = Ild),2 + ^l^d),l + ^l^td),! - ^WbhdlO ' 

4d),2 = ^(d),2 + ^ll{d),i + "^7-^(d),i - mlr4l^d),o , 

i{d),i = + mli{d),o , 



with 



^(d) 2 ~ 71 — \d 1 — 2 2\7 — 2 2V f '^l {^^i2 (^51 ; ^Jgi ) — tSLjj (a^Sl ) 3;7i ) 

-m2 (5Li2 (0:52, X(i2) - SLi^ {x^2, X72) 
6 1 1 rnj^m^ / / 1 \ / \ 



+ ^ln2(Xp^X5^) ) , 



+ ln(47r)j Inxp^ + rripm^iinp + me)(^(2 - 75; + ln47r) ln(xp^X6j^) - 2 {xp^J,x^^^) 
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-mpm-j{mp + m-j) {(2 - 7^ + ln47r) hiixp^.x-j^) - - In {xpp^Xfp)) ) , 
3 ^2 



^S,2 = E Y{{J,l'-ml) ( (i " + ^''(^''^) '^"'^ + (3 - + In 47r) In x, 

- In^ Xp^ - SLi^{x5p, X6p)j , 

1 3 777.^ / ]^ 

^51,2 = (i;^^ E n(m2-m^) ((i " + ^''^^''^) ^'''''^ + (2 - 7£; + ln47r) Inx, 
mllio?{x6^Xp^) - m^ln^{x7^Xp^ 



2{mQ — mtf) 

3 ^2^2 



^^,2 = E 7f(^fz^ ((i " + ^"(^'')) i^^^^e^a^pM) + (2 - + ln47r) ln(x6^5 



+ ^ln2(x6^Xp^)^ , 

X 1 ^ TTl^ 

= " (4^0^ mi-mf 5^ n(m2-m2) ('^^^^ ^^''^ ~ '^^^^ ^^''^) ' 
^(ii = -J^^ E n(m^-m2) ((i " + ^''^^''^) + (3 - + ln47r) Inx^^ - In 

^5),i = -J^^ E n (m2 -m2) ((l ~ + ^^iM)) Inxp^ + (2 - 7^ + ln47r) Inx^^ 



m%\T?{xQ^Xpp) - mf ln^(x7^Xp^) 
2(mg — mf) 



^(<i),0 = 77-T4ZT3;3 E -jT7Z^2^T^('5^i2(a^5p,2;6p) - 5Li,(x5p,X7p)) . 



(47r)4 mi - ^ O (^^a - "^p) 
For the topological class E, the formulae are written as 



= ^5?,2 + ("^2 + "i3)-f("e),l - "i2"i3^(e),0 , 
^('e),2 = ^f';},2 + ("^6 + "^7)-f?e),l " "^6"^7^(e),0 , 
-^(e),2 = ^5),2 + ("^4 + "^5)^{e),l " "^4^5-^(e),0 , 
4),2 = ^(1;J,2 + "^i4e),l + ' ^Wlhe),^ 



30 



-'Col 9 


= -^fj! 9 + 'T^Q//L^ 1 + m\lfp\ 1 — momc/cgi n 






ja 


r^'l 1 ^2 7- 
= \e),l + "^3-'(e),0 , 




r6)l 1 2 T 







I (5 (xie , ) - <S (xie ,^56)) 



(47r)^ (777,4 " ''^i)("^6 " '"^7) 

-m7(<SLj2(xi7,X47) -5Lj2(xi7,X57))^ , 



2(m4 — mg) 

pp. 



1 77i X X 



2(mg — m^) 

- 7-A-4 2Tr^ 2T ( "^1 (^41 , xei ) - <S (3:51 , 2:61 )) 

(47r)4 (mf - m2)(m4 - mg) V v 

-m|(<SLj2(x42,X62) -5I'i2(a;52,a:62))^ , 

il(SLi2{x4i,X6i) - SLi2{x4i,xn)) 



-ml{SLi^{x42.,XQ2) - SLi^{x42.,X'j2))^ , 

X ^ mP' f X 
E n fm^ -m^l ( (7 ~ + \^{^T^)) Inxp^ + (3 - 7£ + ln47r) Inxp^ 



- In^ Xp^^ - SLi^ {x4p, xep)j , 

1 1 

(47r)*^ (mf — ml) (ml — m5)(mg — mf) 



m^ 



1 (5 {x4i,xei) - S Li^ (x4i , 2:71 ) 
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-SLi2{x51,Xei) +SLi^{x5i,X7ifj - ml(SLi^{x42,X62) - SLi^{x42,X72) 
-SLi^{x52,Xe2) +SLi^{x52,X72)U , 



^(Ui - (47r)4 (ml - mi) U {<- m^) {^^ni^^P^^^p) ^ Li,{x^„ x^^)) , 



3 ^2 



-^rell ~ ~ fA \il — 2 2\ $Z ~iT7 — 2^ 2t('^-^'2(^4p, a^Gp) " '^I/jj (a;4p, X7p)] , 

i.ej,i (47r)^ (mg — mf) ^ H ("^a ~ "f^p) ^ ^ ^ r r y 



1 1 ml 



he),o- (47r)4 (ml -mi)K-m2) 5 H (rn^ - m^) r^^^^^^'" ^^''^ 5L,,(x4p, X7p) 



-5L,2(a::5p,aJ6p) +51/^2 (a::5p,a;7p)j • (61) 
When we compute the amphtude of AS = 2 processes, the class C and class D contain the ultraviolet 



divergence and we adopt the MS- scheme to remove them. After the above step, the functions that appear 
in the effective Hamiltonian are 

-^(al,2 = X! TTur^^Z^ ^ ( ~ '^'^^2 {Xlp, X4p) + In Xpfj, - In^ Xpij, j , 

3 ^ \ 

^(a),2 = E n i^"^- ^ \ ( " ^^'^ ^^"^ + "^P^ ~ ^""^ "^P^ ) ' 

<y+p 

3 7 2 2 
pc,l _ _1 '^p^p.^piji. + '^P^jx'^pin ,2/ „ \ 

^{a),2 - 2 ^ ^ T[ ix -X ^ T[ ix -X V y^PiP-^P2P-) ' 
pi=lp2=5 11 -^PlM/ 11 V-^CT2// ■^P2M/' 

1 ^ X 

'^(a),2 = ™^ H n r-r T ^ ('^^^^ (^■4p, ^Jgp) - ^Lj^ (x4p, X6p)J , 

c+p 

1 2 7 

^(a),2 - 2 n fx -X 1 n fx - X r ^^^^'^^^'^/^^ ' 

Pl=lp2=5 -^-^ IXo-j;^ -^pip.) 11 IX(J2^ Xp2/ij 
(Tl^pi IT2^P2 



-, 3 6 

i V V ^pw^PiP , 2/ N 

(a),2 - oZ^Z-^ nfx -X )nfx -X ) ^^PlM^P2/xJ > 
Pl=lp2=5 ^ '^iP' Xpi^J 11 \^a2H ■^P2H) 

o-lT^Pl T2^P2 

1 ^ 1 

-^(ail = _^ ^TU^ — -^(a;i,.5i^i2(x41,Xpl) - X2p.SLi^{x42,Xp2)) , 

xi^ x2/i g 11 yX(jp_ Xpn) 
<y+p 
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1 ^ X 

^(a) 1 = 51 TH ~ T {X4p, X5p) - SLi^ {X4p, Xep) ) , 



1 3 7 



3 7 ^ 
F{a),o = -Y.Yl n fr ^^^^ ("n fr ^^^^ x '^Lj^ (a;4pi , Xp^pi ) 



7 

a^p 

Fl^^, = - ^^^^ _ ^J^^^^ _ ^^^^ (.1, (5L,,(.3i, .51) - SL,,ix,,,x,^)) 

-X2p.(SLi2{xs2,X52) - SLi^{x42,X52)yj , 



"^5).^ = 5 n(Jr-P.) I " 2(xJ-x.,) + 2ixC-X2,) ^^'^^^^^-^ 



-X6,,(5Li2(xi6,X36) - 5Lj2(xi6,X46 

-^(6),2 = X] rr '''^ ^ — T ( ~ ^^"^ ^Pi^ ~ '^"^*2 (^ip' 2;3p) ) , 

p=5 11 \.Xcfi Xpp_) \ / 
ajtp 



-X2;:^(5Li2(x32,X52) - ^L^j (.32, X62)) j , 



^7 ^ 

-F(m\ = H -pTT — -[SLi^{xip,x^p) - SLi^{xip,Xip)) , 



''^)-^ = - (XI, - .2.)(X3, - X4,)(X5, - X,p) (-^/^K(-31,-5l) " <SL.2 (.3I, ^ai) 

-<S-Li2(x4i,X5i) +<SLj2(x4i,X6i)) - a;2,i(<S-Z^i2 (3^32,3^52) - <5-^i2(.32, 2^62) 

-5Lj2 (0:42, 0:52) +5Lj2(x42,X62) 
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1 1 



1 1 / 

-X2fi(SLi^{x32,Xp2) - SLi2{x42,Xp2)) j , (63) 



3 . X 



(T^P 

^ 2 n (a^cTM - ^pm) 

0-^p 

<)!2 = ^E "/^"!^ , ln^(a^P.^6.) , 



ni 










Xpij,X7p, 


m 


yXap, -^p/i) 


(TT^p 









^(cu = - 1] rrr^'''-^ ^ ( ^^z' ~ ^"^^ ^Pi' ~ ^^'^ ^^6p, X7p)) , 

p^l 11 1-^<T// ■i'p^i; 

o-^p 

6 1 1 ^ X xe 



2(4vr)4 n (x.M 

5 



(TT^p 

5 ^ 

-^(c),o = 13 rr ^ ^ ( ^Pi" ~ ^"^^ ^Pi" ~ ^^'^ (^6p, a^Tp)) , (64) 

-I 11 l,-*'cr/i ■^PAl/' 



o+P 



""5)'^ = (.1. - X2.)(xa, - .,,) (-i.('5^^.(-5i,xei) - 5L,,(.5i,xn)) 
-a;2^(5Lj2(a;52,a;62) - 5Lj2(x52, ^72))^ , 
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4 



—Xpp,XTfj,{Xp^ + a^7/i) lii^ 



ajtp 

,2/„_ „ X _ ,,2/ 



xpfj, XQfj, In {xQfj_Xpfx) xi^ In {xj^Xp^) 



1 X 

-^Wn = X! TTT — ~ ASLi^{x^p,XQp) - SLi^ix^p.x-jp)) 



4 



(T^P 

^c,i ^ 1 x^p\r?{x^^Xpp) - X7^\r?{x'jp,Xp^) 

1 ^ X 

F{d),o = X! ITT — ~ ASLi^{x^p,XQp) - SLi^{x5p,X7p)j , 

^ " XQi_, -X7^^ n {X„n - Xpp) V J 
-X7p,(SLi2{xi7,X47) - SLi^{xi7,X^7)^ j , 



^6,1 "'" '^f' 3:4^;^ ln^(x4^Xp^) x^p^\v?(x^p^Xpij) 

■pc,\ 1 •'^PM XQp In [xQpX pp^ — Xy^ In {xjpXpp) 
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-X2ij,{SLi2{x42,Xe2) - SLi^{x52,Xe2) 

FJJ, = - (x,, - X2,){x,, - X,,) (^iM('5i-(^4i,X6i) - 5L,,(x4i,xn)) 



-X2ii{SLi^{x42,XQ2) - SLi^{x42,X'j2))j , 

3 . . 

p^l 11 yXcru Xpn) \ / 

-5Lj2(x5l,X6l) +iSLj2(x5l,X7l)^ - X2,i(>SLi2(x42,X62) " SLi^{x/^2-,X-j2) 
-5Lj2(x52,X62) +>Si^j2(a;52,X72)) j , 



1 X 

1 ^ ?• 

^5'^ = " (X6,-X7,) g m^f^ ""'"^ " '^'''^^ ' 



1 A X, 



F{e),Q = -7 77 7 X! TTT ^^^^ 7(5Lj2(x4p,X6p) - S Li^ix^p, Xjp) 

^ {X4p.-X5f,){xQf,-X7i^) ll{Xap.-Xpi^)^ 

a^p 



-5Lj2(x5p,X6p) +5Lj2(x5p,X7p)j . (66) 
The reduced formulae are similar to /(j), but with replacements of mf — ^ Xi^, I^i-^ — ^ 

C The expressions of SLi^{a,b), M{a,b), 7li^{a) and T(a) 

We use the new symbols ya, yb to represent the two roots of equation a(l — x) + 6x — x(l — x) = 0, and the 
functions SLi^{a,b) can be written as 

(6-l)ln2 6 (a-l)ln2a 1 //^ /. inAt / ^ 



2(6 - a) 2{a-b) ya-yb\^ ' ^ - Va 

-(2yb + {b-a- l))Li,{-^)) - f ln61n(l - y^) - ya(Ha + {b - a)ya) In^^ 

{a-b)ya-a {a-b)ya-a /V y„ y„ 

+(y„ - l)L,2 (t^) - ln(ya(ya - 1))) + {ya ^ yb)) • (67) 
^ ya / 
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The expression oi JE{a, b) is 

M(a, b) = -7^— ( b(\n b + if - a(ln a + 1)^) - In a- In b 
^ ' ^ 2(6-a) V ^ ^ ^ ^ J a-b b-a 

( In - In + Li, - ) ^ ( In - In — — + L,, - ) . 68 

b — a a a ^ a — b^ b b b ^ 

It is easy to note that when a = b, M(a, b) = 2 Ina + | In^ o. The definition of function T(a) is 

T(a) = -(lnaln(l - a) + Li2(a)) +a(lnaln(l - -)-Li^{-)\. (69) 
The expression of TZi^ is written as 

1 In^ a 

7^^2 (a) = In a ln(l - a) + Lj, (a) - - In^ a - -^^-^ . (70) 

^ -L Ci 

D The coefficients at Next-to-leading Order 

D.l The gluon corrections 

We present here the gluon corrections Lf j (a = 1, • • • , 8) as follows 

Lfj = WWa + 2WHa + HHa + cca (71) 

with 

WWi = -3- ^ .2/1 I ^2 ( (2^iw(4 - 27xiw + 19xf^ - + dxjj 

2xjw(4 30xiyf SOxj^ + 17ajj^ + SQxj^ + -^iw^ ^■^jw(^ ~^ 79xj^ + 49xj^ 91xj^ 40xj^) 
+2xf^(21 + lOlxiw - 37xf^ - 89xf^ + Axfj - 4x^^(15 + 20xi^ - 32x]^ + 2xf^) 
+32x^^(1 - x,^)) (L,,(^) + In ^ ln(l - ^)) 

+ ( - 2xiw(4 + 3xiw - 41a;f^ + 65xf^ - 39x|^ + Sx^J + 2xj^{4 + SOx^w - 155x?^ + 265xf^ 
-221xt + 93a;f^ - 16x%) - 2x]^{21 - 99xiw + 171xf^ - 181xf^ + llOx^ - 2^x\j 
+2x3^(15 - 29x,^ + xL + 25xL - 12x^^)) (L,,(^) + In ^ ln(l - ^)) 



tjW XjW ^^j/W 



+ ^4xj^(13 53xjw + 55xj^ 19xj^ + 4xj^) 4xjwXj^(20 77xjw "l~ '^'^•^j-w ^^-^iw ~^ '^'^■^iw ^"^iw) 
~l~4Xj^(7 21x^w -|- 29x^^ 85x^^ -|- 84x^^ 14x^^) 4x^-^(3 -|- 7x^^ 45x^^ -|- 41x^^ 
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+ ^4xf^(3 + lOxjw — 13xf^) — Ax (12 + lOxiw + 16x-^ - 38xf^) + 4x^w(9 + 16xiw + 46a;f^ 
-48a;^^ - 23x|^) - 8x|„(8 + 16x,w + - 26xf^ + + 4x^^(15 + 20xi„ - STx^ + Ixfj 
-S2x^j^{l - Xiw))(^i2(a;jw) +lnxjw ln(l - Xjw)) 

+ (8xiw(3 + Xi^ - 104xf^ + 98xf^ - 46xfj + 8xj^{3 - 29xi^ + 209^2^ - IWxj^ + 2bxj^ + 46xf^) 
-8x|^(2 + 51xiw + 69x-^ - 86^^ + 108x-„) + 8x^„(30 - 41xjw + Sx^ + 50xf„ + 6x|^) 
-32^^(4 - 13xiw + 9a;?^)) + (8a;f^(47 - 800;^^ - 42xf^ - x^^) + 8xiwiCjw(-47 + ISx^w + 191xf^ 
+70a;f^ + x1^) + 8a:;iwaj|w(105 - 211xiw - 94xf^ - 26xf^) - 4S>Xi^x'^j^{l - Xjw)) Inx^w 
+ ^3;jw(4 + 175xjw + 38Xj^ + blx'f^ — 34xj^) + 2x^^(2 179xjw 116Xj^ 69x^^ 31Xj^ + 33x^^) 
-x|^(5 - 751xiw + 88x2^ - 125xf^ + 31x|^ + 32xf^) - xf^(13 + 453xiw - 219xf^ + 29xf^ - 36x|^) 
+2Xj^(15 + 20xj-vv — 37xj^ + 2x1^^) — 16x^^(1 — Xj-^)^ In Xi^f 

16xj^(4 9xjw ~l~ 6xj^ -^iw) ~^ 8xjw3Jjw(13 27xjw + 15xj^ •^i^n) 8'^jw(^ 29xj^ 
117xj^ + 127xj^ 44xj^) 96xjwXj-^(l Xj^) 48x^-^(1 Xj^) ^ Inx^'^ 
+ ( - 2xiw(4 + 15xiw - 41x2^ + 53xf^ - 39x^^ + 8xf^) + 2xj^(-4 + llOx^w - 189x2^ + 145xf^ 
-79xt + 33xf^ - 16x6^) + 2x^^(5 - 137xiw + 119x2^ + lOlx^^ - 148x4„ + 60xf^) 
+2xf^(13 + 123xiw - 237x?^ + 149xf^ - 48xt) - 4x^^(15 - \7xi^ + 2x?^) 

+ (xiw(4 + 3xi„ - 41x2^ + 65xf^ - 39xt) + 8xf„) + Xj„(4 + ISx^w + 39x2^ - 285xf„ + 377xf^ 
-169xt + 16xf^) + x2^(-33 + 12xiw + 230xf^ - 424xf^ + 275x|^ - 60xf^) 

+xf^(-10 - 26xiw + 134x2^ - 150xf^ + 52x^^)) In^ Xjw + (a^iw ^ Xj^)^ , (72) 
sin^ (3 ''^ ^'^\\i-l + Xiy,){xjj- -Xi^) {-1 + Xiy,){xjj- -Xj^)yy x^w 

fc k 
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+ ln^ln(l-^ 

! 32 32 32x^rw 

+ (tT7 TT7 TT + 



+ 777 7T7 ^TTT 7T + 777 7T7 7T7 7 ) (-^i9(a;iw) + lllXjwinfl - Xjv 



^(s^iw -'-)(-^jw ■'■)("^iJ~w "'") ^(-^iw -'-)(-^j'w l)(3^iw -^jw) 



-— — — ) [hi^ ixi^) + In ln(l - 



_/ 16 ^ 16 ^ 4 N 

(Lj2(a;jw) +lnxjwln(l -a;^^)) - ^7 —77^^!^ ^ -('Lj2(^^^) + In ^^^^ ln(l - ^^^^ 



-^737— f7 727 7 ) + In ln(l )) 

•JV ^ ^ ^H-w'y^u^i^^N l^HjTw ^iwj ^ ^-fffeW ^^k"^ ^^k^ 



K k K k 



fc 

4x2 + 4Xf,- 



^(■^ijrw ^iw)ixjw ^)i-'^Hrvf Xjw){Xiw ^jw) ^(•'^JfTw H7 ^jw){Xvw ^jw) 

k k k k 

' IC tjC rJC 

' i/, w , , H, w ^ ,^ HTw 



"V'^iw -'-jl^'^iw •^j'w) Xjw Xjw -^jw 

4x„-^(l - x^ _ ) , 



fc fc 

16 

fc 

128 + 32 In Xi„ + 30 In^ x^w + 4 In x In x^w 8 In^f^i^) 



+ 



re 

21n2x^-^ - 161n2xiw ^^O^^^^r-w ~ Inxjwlnx^-^ + Inxjwlnxjw) 



fc 

8 4 In X „ In Xj„ - 2 In^ Xj„ 33 1^2 ^ . 



+ ' 77 77 + 



'^{^iw ■'■)('^//~w ''") 3(Xjw Xj^)(^Xj^ 1) 3(Xjw 1)2 (xjw 1) 



Sln^x,^ 2x2 ^(l+x^_Jln2(^) 



(xjw ^){xiy, x^~ ) 3(xj^- Xiy,){xiT^ ■'■)(-^_ffrw 2;jw)(3:^iw s^jw) 
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Xrr- (2X„- +l)(Xrr- - l) lu'^ X „- ^Xjw 



_^ k k k k k 



fc fc fc 

w (1 + w) 5^ 4(ln2 X - 4x In x.v + 4 In^ x,,,) 

k k k 

fe A; fe 

32a;/T-w(ln^ + 3 In Xjw + 4) - 4xiw In^ — ^ - 16xjw In^ ^ 



^("""H'w ^i^)i-'''H~-w ^jvf){Xiw Xjw) ^{Xiw l)(^jw l)(^jw ^H~-w^ 



16xiw In^ 32x^-^ In^ 



16x,„ln2!^ lein^x^ 



+ 



^(''^i/rw Xi^)(Xi^ -'-)('^i?~w -^jw) ^(^iJ-w l)(^iw -'-)(-^J/~w -^jw) 



32X^,_ (In Xrr- +Xrr- In^ X rr- + 2; rr- In^ ' 



k 



+{Z^fhhd^Xi^Xj^(^{^ 



8(1 - X 



jw7 



3(Xj-vv *''iJ~w) (''^JW -^iw) 3(Xjvv l)(2^iw 2;jw)(3Jjw "^ii"" 



(l,(^) - ln^ln(l - ^)) + ^(7^ .(^..(x,w) + lnx,.ln(l 



iw -^-iw -t-jw 3(xiw -'-)(-^jw ■'■)("^i7~w -^jw 



+ 



( 8(1 - Xj^) ^ » 

■) (Li,{^^) + In ln(l ^)) 

' ^ .iyOTIT •JL/tlTT •L/I'^TT ' 



-( 



8(1 - Xjw) 



+ 



3(xjw l)(xjw Xjyf){xjT„ -^ifrw) 3(xivv Xj,f,){xj^ -"^Hrw) 

Li^i^^) + In In 1 ^ ) 

x„„, x„„, x„„, / 



3(37iw l)(-^jw -^jw) -^jw -^jw -t-jw 

+ (3(x,w-l)(^!-l)(4-^-x,w) + 3(x,^-l)(x,-^-l)) (^-^^i^.-w) + ^^^H-^H^ - Xh- 

k 
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8x,w(x,w - 1) ln2 ^ 8(1 - In^ x 



^(■^ifrw ^jw)(2;iw -'-)(-^i/~w ^jw)(3Jiw SJjw) ^(•^ii"~w l)(^iw l)(^jw l)(^jw ^jj-^) 



8xj^{l - Xj„)\n ^ 8(1 -Xjw) 



8x,„ln^:^ 4(l + x,.)ln2^ 



3(x^- ^2w)(^iw l)(^iw ^jw) ^(^i/~w ^jw)(^iw ^jw)(^jw 1) 
fc fc 

8xi^(x,w-l)ln2f^ Sx^^ln^!^ 



fc fc fc 



^ — IT — -^iw 

81n'^i/-w 4(x,„ - l)ln(^)ln(^^^ 



3(x^- 1) 3x^-w ■^)(^i^~w •^jw)(^iw ^jw) 

fc fc 

fc fe 

a; 



4 In^ 8(ln x^-^ In - In a; ^-^ In - In In a;jw + In Xjy,) 



8^^w(ln'^) 41n^(^) 

3(a^iw -^jw) (-^jw '^H~-w^ '^{Xjw ^^{Xj-i/f Xiyf) 



+ ^7Z ^ \„ ^ - — .,,1'^ „ ^ + (^.w - x,w) ) , (73) 



T^i?2 = 2^6^<i(^lr) ((- 



fc 

2 2(1 + x„- ) 16(x„- + Xiw) 

_j _|_ K fe 



fc fc 

^ + ^-ff^w 4.x?^ — Xi^Xj^ . ^«w(2a;iw — a^jw) — Xj„{l + x^-^) 



+ 



fc 

(L,,(^)+ln^)ln(l-^) 



2 

-) 



j / fc fe fc 



6(xj'vv l)(a;j-vv XjYi){x j^- a^iw) 3(xj^ l)(xjvir Xjyi)(x jj- -^j'-w) 

fe fc 

3^iw(3(l + X ^-^)'^(Xi^ — 1) + 16aJ^-^) ^^H~w^'^H~-w'^3'^ ~ 2Xivy(l + SJjw)) 



G(^XjTf; l)(xj-vv •^:?'w)^(3^ff-w ajjvv) 3(xj-vv l)(a^iw *'^jw)^(a^^--ry Xj-w) 

fe fc 



41 



k _|_ k k 



10 - 32xiw ^ + ^H-v, - ^ 



IW 



+ 



-)(L.,(|i^) + ln|i^)ln(l-|^)) 



fc fc _|_ k 



2 - :r2 (;r„, - 6) - 3:r,,- - IQxJ^ - t,, „.(97;r,,- - 33) 



Q(xj^ l)(xj^ -'■)("^if~w ■'■) l)(a;j^ ^jw) 

15 + QTxiw - lexj:^-^ 32a;2 



+"^7 T\7 TV" + ^7 Tu^^ ^ + o/- i 1 \) i^i^ixi^) + Ina^iw ln(l - Xiw)) 

fc _|_ k 



2 + 3^H-w~^*w 16(1 +Xj:^- 



+ ~ I ( -^»2 i^jw) + In Xjw ln(l - x^w 



j ^ fc ^ _|_ ^^fc 



'3?^ — ^v)rx — ^^)) y^'-'^x — ^ + ^""^x — ^ ^""^^ ~ X — V 

32 / 



-(L,,(^) + ln(^)ln(l- 



^(^i?-w ^)(^iJ-w ^ ^H'w ^H'w ^H'w 



+ 



2(^//-w + - + a;fw) - 9x„-„Xjw 2(1 + Xj^-J + Xj^ 

2] fc fc k 

^(•"^Hrw ~ '''jw)(3J//-w Xj,f,){XiY; — Xjw) 3( — 1 + Xiy,){Xjj-^ — Xjw) 



2(2 ^Hrw ^«w) 4 



3( l+Xjw)(Xjw Xjyf^ 3(Xjw -^jw) 2Jjw 3;jw 

2 



"T" "X* 3/ 

Li^i — ^ +ln — ^In 1 ^ ) 

Xi,„ .T,„, X,„, / 



i/-w '''i?rw)("^*w "^J^) "^i/rw) 4xjwXjw) 2(1 + 2x^-^ Xjw) 



I IK K k 



3( 1 "I" 3;jw)(x^- Xjw)(3'iw -^jw) ("^if^w ■^jw)(3^jw -^jw) 

fc fc 

w ~ ^iw) 4 

(Xjw l)(3^iw XjTfi) 3(Xjw SJjw)' 



2(2-. _ 4 . ^ , _ 

xw,„ — 1 (x,„, — x„„, 3 x,„, — x«„, / V x.\„ x.„, x.-,„ ' 
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' 11 , \v \ 11 , \v 



k 

4 3 2 2 2 

^H'w ~ + ^ff-w^^-?^ ~ 1) + ^if-w(^»w — ^/j--^)(^iw + a;jw — 2)) In (-j^) 



^(•^//rw ^iw)( l + ^iw)(2;^-^ ^iw)( 1 + a^jw) 

k k 

X,, :r ;„-(! — ,T^, + I.r,, — x ) In^.r,, 

JJ, w ^ 11 w 11, w 11, w ' 11, w 

K k k k 



k ^ fc 



k 



2 



k 

^Iwii^^^H-w - 26a;iw - x^jy, + 3xj„ - 6) - 8x^- Xi„) In^ 



|2 



4ariw(l - x^-^) ln^(^^) / (^^h'w ~ ^l^/f-w^^w + Xi^{8xi^ + 8xjw - In^ Xi^ 



+ 



^('''x 44x^-^Xjw + 7x^^) In ~ ^Xi^^^x + xj^) In In xj-sy 



2(9x^_^ 63x^-.^Xjw + 4xj.^ + 4xiw(a^/f-.5y + a;jw) In a;jw^ 



fc 

a^iw((l + Xjj-^){x^^ + 2xjw + Xi^Xj^) — Xj„(l + Xjj-^)"^ — 4x?yXjw) In 
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+ 



_V fc k / 

k 



fc 

2(3Jiw "l~ "^jw) In + ^("^//"w l)'''jw In X In ~l~ 16xjw3Jjw(l -^iw) In Xj-yv In xj^v 
fc fc 

fc 



8(a;?w + 2(xj:^-^ + In^ x^:^-^) - 6 In^ x„- 2 In^ x„-^ 

_| fc fc fc I fc 



fc 

+ 



6( 1+X^w)(^iw ■^jw)( 1 ~l~ ^jw) i^iw -^)(^jw -^)("^jw '^H~w^ 

k 

(1 + ^//rw)2^iw ln2(fi-) a;^- (ln2 + In' 0;^^ + lnx„-^ In(fi-)) 



fc fc 

fc fe fe J™ fc fc 



fc 

In'x^-.,, 2(l+x^-^)x,^ln'(^) 



+ 777 TT + 



fc 



fc fc _|_ fc fc 



^/fjTw ^^"^ ^H'v^ + 140x^_^ - Xj^-^Xiy, — 16 — 128Xjw 



^(■^//^w Xj^y^ixi-^ 1) i2(xj^-^ i)(xjw i)(xj^-^ Xj^y^ 

4xjvir(6(x^-^ Xj-vv) "I" ^(•^//"w 4xjw) In ~l~ 2(x^-^ 3xj-vv) In Xj-j^) 



4xj-w(6(xj:^-^ '''iw) "I" 3(x^-^ 4xj-w) In Xj-vv + 2(xj:^-^ 3xjw)ln Xj-s^) 
_j fc fc fc 

fc 

8(12x^-^Xjw + Txf^lnxiw) 8(12xj:^-^Xi„ + Tx^^lnxiw) 



^(■^//"w ■^iw)(^iw l)'(2^iw -^jw) ^(■'^//^w •^iw)'(^iw l)(^iw 
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K K k 

2 2 2 ^if^w 2 



k k 

~l" ( 3x j-^^ ( (aj + H~w "I" 1) "I" 1 H~v^ ^Xj-v^fXj-w) + 8 Xj-vv (2; rT- Xjy^ 4a;™) 

\ k -'^fe ^ ^^k ^ k 

k k k 

^-^jw) "I" •^/i'~w(^'''iw Xjw 6xjw)) liiajjvv InXjw + 2(4xj-^^ + 4x^_^(a;jvv ~l" (^iw 

2 Xjy/)Xj^ AXj^Xji/f{3 + 4a;j-vir) 2x^-^(12xj^ + Xj^ 2xiyfXjyf(^H + 4a;j-w))) In Xj^^ 

+ ( 6x^- + 12x„_ + 6x„_ ~ ^^i/rw'^iw ~ ^-^ ^ ■'■^^//-w'^iw + ^-^z/rw^^Jw 

+12xj^— ^Xjvir ~l~ ^x^-^Xj-^ 12xjwXj'Yv 48x^— ^Xj-vvXjw 48x^-^XjwXj-5v 12Xj^— ^XjvvS^jw 
+48x^-^Xj^Xjw + 18x^-^Xj^Xjw + QXj^Xjy, + 6x^-^Xj^Xjw ~ ^■^i?~w"''jw ~ ^■^ij-w'^jw 
+18xj^Xj-^^ + ISXj^Xj^ + 48xj:^-^Xj^vXj^ + ISx^-^Xj^^^Jj-w "^^Xj^x^^ SGx^-^Xj^x^-^^ 
—12x jj-^Xj^ + 6xiyfXj^ + Gxjj-^Xi^Xjy^ — {4xjj-^ + 12x^-^(— 1 + x^w) 

^iw(3 + 37j-vv))(Xj-vv Xj-^^ ( 1 + Xj-vv) 1^ "^H^w ^"^H^-w^ ^Xj^v + Xj^ + X^'^v "I" ^Xj^yXj-w ^jw) 

'*^/i"~w(2'''iw "I" •^iw(-'- 6xjw) + Xjw(2 + Xj^ 3xj-^y) + Xjw(2 16xjw ~l" -'-'''•^jw)) 

k 

~^Xiyf(^x^^(^4: 5xjyf^ + Xj^Xj-^y ( 9 + 14xjyv 9xj^) + Xj^^l^ 4 + 5xj^ + 4Xj^) + Xj-^^(2 + Sx^'^ 
7Xj-^ + 2xj^)) + a;^-^(a;j-,v + 3xj^( 2 + x^^v) "I" x^-^i^lS 22xj-vv "I" '''•^jw) Xjyf(l + 3x_^vv 
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k k k k 

+6xjwX,„, + TT- ...Xi-njX A„. + 6x„___ XjwX,.,, 2xj„,x„-,j, 2xrj— Xj„,x,.,, 4x,;,„x„-^ + 12Xfj— x ■ 



12xjvvXj-^ V2x jj- ^XiyfX + 12xj^Xj.^) Inx^-vv "I" i,-^ }j~^-^vk "I" 2x^-^Xj-w x^-^Xj^v 
fc fc fc fc 

2 2 2,3 2 3 2 3,4, io2 

k k k k 

-\Sx jj- Xjyf 2XjwXjw 4x^-^Xjvv3^jw 4x^- Xjvv^^jw jj-.^^i'wXjw ~^ 3Xj^Xjw 

fc fc fc fc 

"'"^■^if~w"^*w-^jw ~ Xj^Xjyf — ^Xj^-^Xj^ — 9Xjj- Xj^ — Xjj- Xj^ + SXiyfXj^ + IGXj^-^Xjw^Cjw 
fc fc fc fc fc 

+6Xj:^-^Xjw3;jw ~ ^-^iw-^jw ~ ^•^H~w'^i'V''^jvf ~^ '^•^iw'^jw ~^ ^'^•'^ Hj^ w''^jvj ~^ E'vi"^]^ ~ ^^-^i^-^jw 

lOx^-^XjvvXj^ + IXj^Xj^^ In + 2 lnxjvv((7 + 3x^-^ 102;iw)-^iw(^7f-vv •^:?'w)(-^iw -^j/'w) 



( 1 + Xjyf) + (X^_ ( Xiyf + Xj^ + ( 1 + Xjyf)Xjyf) + X j-^ ( (^^iwl''- 2Xj-w) ) "I" ( 1 + X jyf) 

fc 



+2( 1 + Xj^fi) Xjw(l ~l~ -^jw) ~l~ 3;j-(vXj-(nr( 7 + ISXjw 7Xj-^^,)) X jj— (Xj^^ + Xj-^^, + Xjw(2 3Xjw 

fc 

"'"•'^jw) 2xjvv(l Gxjy; + 4Xj^)) •^ff~vv(^''^*w( 2 + Xjyf^ + Xj^( 3 + ISx^^v -'-^■'^jw) 
12xj-w + 18Xj^ 6Xj^) + Xj-vv(l "I" Xj-^ ^Xjyf + 2Xj-^))) Inxj-w) 



2(xj-vv Xjy^) lnXj:^-^(( 1 + Xjw)( '^x TT- + 4x„_ (xjw ~l" xj^^,) "^x j:^- XiTff(^ 4 + 6xj-vv + Sx^-^v) 

fc fc fc fc 

"l"^iw(3Xj^ TXjyf + Xj-w( 1 + 9Xjvv))) luSJjvv "I" ( 1 + ii^X fj- + 4Xj-vv)(Xj-vv Xj-vv)( 1 "I" -^jw)) 

fc 

+2(a^//-w - - ^^H-w^j^ + 2^jw(-2 + 3xjw)) lnXjw)))/(4(-l + x^w) 

( Xjj — ^ ~\~ Xi^^{x j^— ^ 3Jjw)(Xjw Xjw) ( 1 "l~ ^Jjw) j + (Xjw ^ S^jw) ) ) (74) 



HH^ 



WH3 = -2WH2 , (75) 



xLx,2,(Zf )2(Z|)2f^ - ^^^x.wx,w(x,w + xj^){Zjj'f{Z]jf(F'/ + 



sm p 6 sm /? 

1 

12 sin3 /? 
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"2i^^ ) ) (^iw5 ^jwi '^H~w'> ^' ^*W; ^jw? "^J^" 
/ / I k 



I 

2 , 



32 ,,2 i.2\ <7-ijk ■3-2fe <7-ii ■3-2i (In Xo- ~ 2 In — T (-^)) 



Xiw( In ~1~ 2 In x^^) In ~t~ 2 In x^ 



ItVV\ — (/VV ■ — — t- vv / I 

777 77 \ o / 7 ~r 



2 



^^9 / x„-,„XCT(-lnx<x - In'^Xo- - T(^)) 



Ssin^/?''^"-^^"^"^ . v-^/ ^ ^_ 2(x,w - n (xp - x, 

a=vJ,H^,H^ p^^ 

"^H^w^^ SlnXjw + In Xjvv) Xj:^— ^Xjw (In Xjvv ~l~ In Xiyf 

_j fc _j_ k 



(•^H~w Xjw)(xjy-^ Xjw)(xjw Xjw) 2(xj^- XiTfj){x jj- a;j„)(xjw Xjw)^ 



x^-^Xj-vv(ln Xj-vv "I" In Xjw) x^-^Xjw(lnXj-vv + In Xj 



+ 77^ ^^^T^^ ^ 7 + ^ 



(-x.-„ + x.„)2(-x.-^ + x,„) + ^^^rw ^ ^^-^J 



1 ~1~ 3 In x^w ~t~ liT' x^w ^ X2w(lnx^-\\r ~1~ In x^^) 



Xiw(lnXjw + ln^a;i„) \\ 16 o , ,2n . ^. ■;rlk ^2k ^ll ■;r2l f 
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E 



Xfj(2:XiyfhiXcr 2(a;^-^ + Xj-vv) In Xi^hi (^Xi-^Xu^ '^i'^H^w )) 



k k 



fc 



+ 



+ 



2 In Xiy, + In^ Xj 



X'i\fj In X' 



+ 



E 



fc fc if, w 
k 

2(Xj-vjr Xu)^ W {Xp Xcr) 
pi^a 



1 


ft; 


Xiw(3x^- - 

+ 


- 2xjv(r) lnX(j + 2xjw(xrr- + 3xjYv) In Xj^ 

fc 


2(x 

fc 


„ ~ Xi-w){x — Xjw)^(a^jw ~ a^iw) 


Xiw(3x^-^ - 
H T^^^ 


~ 2xjw) In Xg- + '2xi^{x TT— + 3xjw) lii ajjvv 

k 



+ 



X 



+ 



-3 — 7 In Xiw — 2 In x,: 



+ 



3Xrr- InXri- + 2x ij- lu^ X rr- 



2( ^'^^"vv ■^*'^) ( ^iw Xjw} 2( a-^-^ "I" a;j-vv)^( Xj^ + x^'-w) 



"Ssin^/?" 



, a; Xj^Xu In (xijXjvv) 

' a=u^ ,H~ ,H~ 



2(Xjw Xu)^ ]^ (Xp X(j-) 
p^a 



+ 5^//-w^- - 3xL) Inx, - 2(x^_^ + xf^)(ln2 X, + T(^))) 

fc k k 



) 
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+ 










[ 




+ ^ 




2 




















1 




+ ^ 




W 2W 








w"^iw) ^-"^ 



_| ™ fc 

k I 

(3x^_^Xiw — ^^H-w^iw + ^^iw) l^^iw + "^i^^-^^i^f + ^fw + ^H'w^iw) 



^ , (3x^-^ — ^Xi-vi)Xjj-^ hiXjj-^ + 2{xjj-^ + Xjj-^)xjj-^ \t? x^-^ — Xjj-^Xi^ \v?{xjj-^Xi^] 

2{ — Xjj-^ + Xiw)'^{ — Xjj-^ + Xjw) 

^j/r w (^i?r w + ^i?r w ) ( x^T ) 

~(^if-w +^J?-w)(3 + 71nxjw + ln^a;i„) + Xj„(5 + Qlnxjw + 41n^Xiw) 

_j fc I 

(^if-w + ^if-w)^«w(-3 In Xjw - 2 In^ x^w) + xf^{5 In Xjw + 4 In^ Xjw) 

_j k I 

(^i?-w + a;j:^-w)^iw(-31nxiw - 21n^ Xjw) + xf^(51nxiw + 41n^ Xjw) 



+ 



_^ 3 + 7 In Xj„ + In^ Xj^ 



2(xjw Xjw) 

^2;j-w(3 In Xjvv + 2 In Xj^) + (s^iw -^iw)^ ^■^J^'^^Sj^) 



2 (^j w 



^2 



^^g-w^'^^ifr^ ^ 3xg-^xjwlnxjw 



x.(-2 Inx^ + In^ X, + 2(x^-^ - x,w)7^^,(^) + 2T(^)) 

. ft- 2 n(.xp-x,) 
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3 sin''/? 



E 



+ E 



2 n (a^P - Xa) 



2 n (a;p - x^) 

^H-w^H'wi- In Xh-^ + ln2 ■'C//-wa;„-^(4 In x + In^ 

_j k I I I k I I l_ 



E _(n^ 



+^ ^ ) 



^•"^Hrv Xjw) n {Xp Xa) 



I ^ •^-IW -t-jw ''-ZW 



3sin*/3 V _ fl fr- ^ (^i/rw - ^Jw) n (Xp - Xa) 



pjia 



In x^ - 2(xjw + Xjj^jTZi, {—^) - 4X(,T(^^) 

n {Xp - Xa) 

f [ 

("""H'w ~ Xjw) n {Xp — Xcr) 



H , w > 



(•'^H'w Xjw){Xiw Xjw) Xff-^ Xjw 
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3 sm p 



i///2 = — 



/ A; 



(76) 



12sin^/3 



(a^^iw + Xj^)hi,hdZjjZjjZ^Z]j 



3sin^/3 



E 



, , „_ n {xp - x^) 



Xiw "I" Xjyf 



+n. "'^ . + E 



+ 



E ( 



X, 



<^((4-w + "^Hr^^i^ + ^t) In X. - 2(x^_^ + xL)(ln2 + T(^))) 



(ajjw Xfj)"^ W (xp X(j) 



) 



x^-^Xi^{-\ + 2hiXi^ + Xjw) + + + SlnXj^ + 21n Xi^) 



(•'^HTw Xiw){x fj-^ Xiw)(a^jw a;iw) 



(x^_^ + x^^)xj-vv( lnxj-vv + 21n Xj-^) + 3x^-^Xj^ In Xj-^y) 



+ — =— 




a^iw ) {Xjj- ^ Xiyf ) (Xj w X j-vy ) ^ 








- In Xiw + 2 In^ Xiw) + Sx^^-^xf^ 


In^ Xiw) 




k 






(x2^_ 
+ ^ 




- Inxjw + 2 In^ Xjw) + 3x^- x?^ 

fc 


In^ Xjw) 



(^i?-w + ^i?-w)(l ~ 31nxiw - 21n^ x^w) + a;iw(101nxjw + 41n^ Xjw) 

fc I 
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+ 



«w7 V^jw ^H~w) 



^iv/{x ff-Tf, + 3;^:^- ) (In — 2 In + 3Xj^ In 

k I 



■ 1 + 3 In X j„ + 2 In 



2(x 



+ 



-4 



fc 

16(x^-^ — Xjw) 

E 



.T xv(21nx, - 31n^x, + 2(x^ - x.w)7e.,(ff ) + T(f^)) 



n (Xp - X^) 



■ E 



x,(21u;;v - 31n^;;v + 2(;r,,^ - ;r„,)^.,(^) + T(f^)) 



+ 



n {Xp - Xa) 

^H~w^ifrw(^»w — Xj^) In x„- 



n (xp - X(,) 

pi^a 



E 



k 



(-^p Xo 
p^a 



5_ 
16 



^iw X 



i^H-w + ^H-Ji-'^i: 



X X 
- ii , w , _, ^ fi, w , 



3sin2/3 



f, h ■T'lk -^11 ■^■2k -^21 
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-2 E 



(^^iw 3:'<t)^ n {Xp X(j^ 



k k 

k I 

k k 

("^Hrvf ~ Xpfi){xjj-^ — Xi-^){xj-„ — Xiy,)'^ 

k I 



^Xiyfi^Xjj- Xiyf^ (111 Xiyf 111 Xiyf^ -\- Xiyf(^4:Xiyf -\- X jj- ^ hi Xi 
k fc 

("^Hrv/ ~ Xpfi)'^{xjj-^ — Xiyf){xj^ — Xpf,) 



lQxH-^^{^)+Xi^{\nxi^ - 2\v?Xi^) - x^-^(131nx„-^ - Mln^x^- 



+ 



(- 



/ 1 In Xi^fj In XiTff 
+16( 



Xiw(}-^Xiy^ In Xi^J 



+ 



+ 



Xi^{}nXi^^ In 



1 — 3 In Xiw — 2 In Xj 



(^Hrw Xi^){xjj- 



«2V Xa 



(Xp X(j-) 



-^.^w)(7^.,(^) + x.(T(!gi) - t(^)). 



Hi. 



■JZiJ^^) -niJ^)\ 2x„- (lnx„- +\n^Xrr^ 



+2 E 



x^(-2 Inx^ + ln2 x^ + 2(x^-^ - Xi^)ni,{^) + 2T(f^)) 



^ U{xp- X^) 



r2k\2/ -yll\2\ 



3sin^/3 



E 

a=u3,H^ ,H- 



x^-^x<,(lnx, - 21n2 x, - 2T(£^)) 
(^Jjw 2;ct)^ n {xp X(j) 



-^H,-wlnx^-„ + In^x^-^ + 2T(- 



+ 



Xiv 
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+ 7 77 77 T + 



In + 2 In a^jw) 



+ 



H~ Y/'^i'^i In + 2 In 



+ 



k I k I 

•^iv/i}-^ "^iw 2 In x^w) ■^^w(l^'^^w 2 In x^^) 1 3 In 2 In x^w) 



H, w , 



-16 E 



n (a;p - x^) 



c=u'^ .vji .H, 



n (xp - X,,) 



E 



n (xp - x^) 



^Jf,-w(2 In 3;^^-^ + 3 ln2 a^ff,-w(2 In x^-^ + 3 In^ x^:^ 



Kit 2 K £ t 

Xu(2xjw InXcr 2(x^-^ + Xjw)(ln Xg- + '^("^")) Xj-^ln (xj^yXj-vv)) 



E 

<J=ui,Hf^ ,H- 



2(Xjw Xct)^ n (Xp X(j) 



Xiw "l~ (2x^— ^ ~l" 4xjw) Inxjw + + 5xjw) In Xj-^v *''iw ^nxjw + •^«w(x^— ^ + 3xjw) In 



+ 



•^iw Inxj-vv + Xi^{x j^- + 3xj-w) In Xj-vv Xj^ Inxjw "I" Xj-vv(x^-^ + 3xjw) In Xi 

+ 7 77 ^ 7T77 7 + 



(•^i?rw ■^«w)(Xj^--^^ Xjw)^(Xjw Xjw) i-^Hrw ■^iw)^(Xj^-^ Xi-iff){Xjyf Xjw) 



+ 



+ (x„ 



^ 2 In Xiw + In Xjw 



Xiw Xiw 



Xiw -^n. Xiw 



( X^-^ + Xiw)( Xiw + Xjw)^ ( X^-^ + Xiw)^( Xiw + Xjw) 



(77) 
(78) 



Uff, - "'b + "'d ^ ^Ik ^11 ■;,2k- -^-II 

sm p 



1 3 



E 



,jj-^x,{\ux,-2\T?x,-2T{^)) 

(Xiw Xct)^ ri (Xp Xu) 
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+ 



+ 



^/f- w (3 In Xiw + 2 In^ Xi 



+ 



■^i?~w"^*w( In + 2 In XjYjf) •'^ij~w-''iw( lnxjvv + 21n Xj^) 



+ 



+ 



■^"iw (^-'^ -^"iw 2 In x^^) x^wl^^-^-iw 2 In 1 3 In 2 In 



+ 



+ 



^i/,-w(21n-^;^/-w + 31n^ Xh- 



+ E 



lnx<, - 13x<, ln2 x^ + 6x^(x^-„ - x^)7^^2 (^) - 10xvT(|^) 
2 n (a^p - Xa) 



+ 



2(^iy-w ■^H7^)^ Xj^-^ + Xiv/)^J 6\ {Xjj-^ Xj„){Xiv, Xjw) 



+ 



J. ri^ w ji^ w 



3^1 



4 E 



4 f^. U{Xp- Xa) 



(79) 



(80) 



4 



fx -X V ^''^^> ] 

{ «-w .-wj A. _ n(x,-x,)v' 



2/ 



^ ^<^(^«-w In^a^^a;^-^) - 2;^^^^ ln^(x<,x^^^)) 



a=Ui^,U'g,Kn 



2(^«-w - ^C/>) n {Xp - Xa) 
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X — Xt ti 



a=U^,Ul,Kr, 



n (a^p - x,,) 



+ 2- 



+2- 



+3. 



X _ 



+ E 



+ ^ a+ 0_ c_ a+ I ^l^[/^w ^Uh 



E 



_ _ n (a;p - 



+ E 



x^(21nx<, - Sln^x^ - 2T(^)) 



2 n (aJp - Xa) 



+ 2- 



-a;.-,„ + X 



K„ W K > W 



a;„-„. In X 



K„ W K„ W 



+ 



X — — 

K-w(T(^) - T(^)) - x,,^iTi^) - T(- 



/t^ w 



a; 



16 



J,^x<,(-21na;a - 16 In^ - 31n2(x^Xj^i^)) 



Xui^w^'^i^ In + 12 In^ x„ - In^ixaX^i^^)) 2x„ In^ x^ \ 



2(Xo- Xjji^) Yi {xp X(j) 



n (a^p - a^a) 
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x%, (In Xfri ,„ + 14 In^ Xrji ) x%. (1 + 29 In Xfn ,„ + 28 In^ xm ) 

"TTTT w w \o ' 



X^,. (In Xfri +141n^X,-ri ) X^,. (In Xfri +141n^Xr-rt ) 



+ 7r. ^ TTT^^ T + 



, 1^ (c).(c) (c) ,(c)/ ^ ^.-w^^(61nx^-71n x^) x^(31nx^ + 71n^T, 



3 V . 4/ _ _ n {xp - x„) _ I{{xp- x„) 

x-x-(31nx - + In^ x - ) 4x - x - In^ x - 

^ ^ n(^p-aja) n(^p-^a) ^ 



,.jjTlji ^ n - n {xp - x,)^ x^,^ - x^, ) ' 



~ 2"^-^^ + 2"^-^^) (^K^w ^c/^w ^i/^w' ^' ^K-w w ^i/^w) 



+ 



+ E 



4(^c.-x,-,)7^,,(^) 
3 n (a^p - a;^) 



48 
1 

48 



- E 



X~, +2x^-„Xr7j -2x"'_ -r> /'J!a^^ ^ ^ li" \ 



n (a^p — Xa) 
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~1~ 2 



X 



n [Xp - Xa) 



+3^ 



+ E TTT — 



E 



lOlnXo- + 71n^ 



_fri rrJ - ^ n (Xp X^] 



^ Xcr{10\n Xcr — 7 In^ Xcr) 

^ 2 n (^p - Xa) 

'^—'^a>^l3>I^X p^a 



+ .^E_ _ 



n - Xa) 

pi^a 



■ + 



E 



-ln2;r 



„-f,i fji ^- n {xp - Xa) xfji - Xfji ^{-x^-^ + x^-j{-x^-^ + xfji^^y 

X - X - (9lnx - — 61n^x - ) ,^ I'^ln-r 9ln2^ ^ 



p^a 



x 



'|.^x<^(221nx^ - lein^x^ + ln'^{xfj,^^Xa)) x|.^x<:.(171nx^ - 121n^x^ + In^(x^i^Xo-)) . 

4(-x^ + n {xp - Xa) 2(-x<, + Xfji^J n (a^p - Xa) ^ 

-6xf In^Xf-,, + llx^- llx% InXfrt^ -6x^-, a;^. 

UXvi U^W IJt^w IJl^w U^W U^W l^a^ 



15x^- . In XfH „ 



(ein^x^i^-lllnxj^i^) 



+ 



X - Inx 



K^W '^A ^ 

A 



X. - Inx. 



A A A A 

(x - — X - )2 (x - —X - IfXfrj —X - ) 

^ Kr,W '^A ^ KjjW K-^Vi'^ ^ ^A ™ 



— y ~ . II 

|W '^A™ ^— 1^- 



. 2x.T(^) 



"^X^.XaTC 



U^W ■ 0,0- - l^aW " ^ IIct ' \ 

—Xa + X-yi^^)'^ W [Xp — Xa) {~Xa + X-Qi^^) W (Xp — Xa)' 



58 



, / (c)l(c) (c) ,(c) , (c),(c) (c) ,(c)\ I 



E 



X _ X - 

7^. r^'=^"-i n-r^^) ^^^^^^ ' ^'^^^^ ' 



''*2 V X- - i 



n (Xp - Xa) 



1+7?. ^!^^^+7?. f^E^i^-T?. {3:!L\ 

3 \ ^ i^TTi __ 



•«2 V s _ ; '^22 I. a; - j ; \x - I " 



)ir 



3 

x^i?^^ 



(J Xj Q^i^J^ 



2^i/4w(^<^ Inxj^ - In^ Xa) 
n (a^p - Xa) 



n (a^p ~ Xa) ("^iji-w ~ '^'^^ n {Xp ~ X(j) Y[ {Xp ~ Xcr 



-2Xf ^ (In Xr-;; + In^ XfH 



-2,r2 (In.r,-., + In^r,--, ) 



2,r? fln.r,--, + In^r,--, ) 



16 

Y 



X 



In^ X 



K„ W 



4x^-,.,ln2 X 



+ 



E/ X(^(61nXo- - 
_ _ ^ 2 n (a^p 



(61nx^ - 71n^ x^) (^ac-w " ^c7|w)^'^^'2 (^) „ -^vT^^) n 



l2 



n (a;p - Xa) 



n (a;p - Xa) 



uL 



- E 



^_r>i r>i ^- n {Xp Xa, 



(82) 



CC3 = — 2CC2 



(83) 



CC4 = a^lh^^^c^f^(t^ ^x^-^x^-^ 



A{n,/i^)+nJ-^) + n.^{^) - 7^.,(^)) 



E 



^^2(^) 



- ]\{Xp — Xa) 

CT=U^,W^,K,r, p^a 



+ 



E 



a=Ui^,U^^,K- 



^^2(^)-7^..(^) 

n {Xp - Xa) 
p+a 
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(7' w rrJ 



+ - 



(x - — Xfjj ){x 



64 

y 



E 



Xn 



(2 - Inxfj,^ - Sln^ x^^. 



+ 



2x?-,. (In XfH —In^XfTi ) 



+ 



,9- 



+ E 



-Xfj + Xjji^y^ Y\ {xp — Xfjj 



32 



_ E 



SlnXo- + 71n Xq-) 
n (xp - x^) 



X - In X - 



2( — X - +X - )( — X - + Xfri ) 



Ax - In X - 

K„ W K„ W 



+ E 



(—X - +X - )(—X - + Xfji )( — X - + Xfrj ) ' W{Xr,—X„\ 
\ K^W^ K^wA K^W^ U^wJ\ n^W^ U^wl a=C/^,C/^,K- ' 



+ _E 



2 p 

n {xp - x„) 

p^a 



+ 



E 



3xaT(- 



a=UX,Ui,K„ ,K 



n - x^) 



(84) 



CC5 = -CC4 . 



(85) 



In the above expressions Eqs.(pTlp2,83,84,85), the couphng constants are defined as 



^' + V2m„sin/3^^^ 



V2 - 



, (c) _ /ife „l/3 



TTl — ' 



V2 



(7J 



.(c) 



V2m„sin/3 ' 



+ 



m. 



\/2m„ sin (5 



C/i + 



.(c) 



J}d_ ^1/3 

V2 - ' 



60 



(86) 

D.2 The corrections due to gluino contributions 

The corrections caused by gluino can be written as 

4>i = <t>T' + 2C'^ + <^a'^ + <t>r + 4>t' + (87) 

with 

1 

+-{Zf,f) + F^'' - F^') {xj^, Xi^, Xiw, 1, 1, x^, ^, xg^) 

^IS ^la ^IS crla ( j^2e _ j^2a _ j^2d\ ( ™. 1 1 ™ \ 

64 
32 



+ 2 '^/Xgw^iw^b^Zb^^lji Zfji {^D ) (^iw) Xj-^ff, 1,1, Xjji^^, -^b^-w^ -^flw) 

I "7 ! To" ' T^i \ o / ! To" T^i w ! To" ~i~ 



In x^-^ ^ 2x^w 1^ ■^«w In 



(1 3;jw)^( -^iw ~l~ *^j'w) (1 •^iw)''( ~l~ SJjw) (1 2;jw)^( + "^iw) 

21na;i„ 64 ,T|„lnx.™ _^ 16.T2^1nXj„ 



(1 - Xiw)(- 

56 x^^lnxj^ 64 ■^j w '^jw 16Xj-^lnXjw ,. ■\/oo\ 

iwwg 0^27 ^2(5 o'Iq /2 „2a , ^ T?2b nJ7'2d ^ j-,2e ^ j-,2/\ / -. -. \ 

•^2 ~ ^£)3^Di^c/<^c7< V3-'^^ 3^ ~'^^A ~'^^A ~'^^A jV^jw, -L,a;i/iw,a;£,i^,x^3^,Xpwj 

+(z ^ i) , (89) 

^^"'5 ^ _2(/.r^ , (90) 



3 sin P (1 XiY/^i^x jj-^ 2;j-vv)( a^j-vv + •'^jw) 



61 



+ 



o sm fj ^ ^ fc 

32 2fc 2 1 2 2 

^2 2jt 2 1 2 1 

3 sin^ /3 "^^^ "^f^' XiT„Xjyf'^^Xg,f,XjyfFQ {xj-^, Xi^f/, Xj^j Xjj-^, 1, x^i^^, ^gw) 

16 3 

o sm ^ fc « 

3 sin^ 13 ^ ' [^D^^Ui + ^b^^iji J ^m^ui 



+ 



64 



3sin^/3 



{Xi^f/Xj^ff 



2k\2 



"'"(-^i? ) (XiwXjT/f) 2 — 



sin^ - a;„-^)(-x„-^ + Xi^){-x^-^ + Xjw) 

+ -^hd£^^ s/XiyfZj Z^^ (-^1" ~ ~ Fjf^ {Xiwj ^HJw'> ^U^w^ ^D3w' ^O^w' ^ffw) 

(^2k\2( _ 3 ,9 22_32_ 32\ 

l^i/ / ^ •^ii'~w'^«w'^iw + X^^Xjiff -\- ^Xj^-^Xj^^Xj^ Xj^^Xj-^ X jj-^Xj^^Xj^ J 



64 



3sin^/3 



+ 



(1 -''iw)^ (-^//"^ 2^iw)^( ^iw ~l~ ^^j'w)^ sin (5 ^(1 ■^jw)i'^H~w •^jw){Xi^fJ Xj^)"^ 



6 3 



+ 



3 5 



((1 ■^iw)(^^-w 3Jj-sy) (Xj-w -^jw) (1 Xj^f^^(^X^- Xj-vv)(Xj-vv Xj^fi)' 

k k 

(91) 



1/3 

[/J 



~'^hhhd(^y/ Xi^Xj^Zj^^ Z^ + ^yx^^^Xj^Z^^Z^^{Zj}^)'^Zj^j^Z^ 

i-^D ~ ^-^D ~ -^Dli^iyy^jvryXjj-^yljX^i^yXjji jXgy^) 

\ / k ^ 

( rr . ^la I /-— — 0-25 p.2a\/p.2fcN2p.l5 7I, 



4Xj-vvXjw 

" 3sin2/3 



1/3 



+ o V Xiw^H ^i^3 (-^1" ~ 3F4'' — -F^'^j (Xiw) Xjj-^, 1, Xfji^^, Xf)3^, Xf)l^, Xgyf) 



-lhha{Z}j'f{ 



^H7 w \/^iwXjw 111 a;^- ^ 



+ 



X^w ^ Xi^X 111 X^ 



(■'■ ■^//rw)( -^//rw ~'~ a^j^-^ + Xjw) (1 Xi^f]){xj^-^ XiY;){ Xi^, + Xj^) 



62 



(1 — Xjw){xHrw ~ ~ ^jw) 3sin^/3 (1 — ^H7w)^~^H7y^ + ^*w)(~^i^-w + ^jw) 

+ -^D ~ ^Fj/j{Xiy,,Xjyf,Xjj- ,l,X^i^,Xf^l^,Xg^) 

\ / k ^ 



( 1 + Xi^Y{xjj-^ Xjw) 



3 sin /? (1 - a; (-a;^-^ + x^w) (-a^^^-^ + a:;jw) 

K k K 

+2hhh(i{Z]L[ ) ( — 2xj^-^Xiw + iCjw + ■^ff'w'^iw "I" 3a^j:/-^a;jw — ^XiyfXjy; 



2 

k 



k 



2hi)hd{Zfj ) (xff- Xiy; 2x jj- Xjyj + xi^^Xj 

\ k k 



^ {Xfj--„ 2;iw) ( 1 "I" XiTfi) (Xjvv -^jw) 

fc 

—2hbhd{ Z]^ ) ^ (xj„ + Xj„)x|„ In Xjw 

fc 

4 , ^lA; ^2fc ( 2x^w ~l~ 3Xjw)Xjw2Jjw 111 ^Jjw 



3 sin /? (iCiw •^iw)( 1 "I" Xjj-^ + s^jw) 

fc 

(92) 

^^'^^ = -2(/)^^^ , (93) 



63 



jwh~g _ ^6 crlkcr2kcr25 cr\a cr\& ;rl/3 / pl6 

^4 — 2,^^^^'''d-i-%^^-i-g^-i-i^^H^H^f)\^iji^f)\^jjj\fD 



+ 2^0* — 14F|f — 22FJ\ {xi^,Xj^, x^-^, l,Xfji^,Xjji . Xg^) 



3sin/3 



■s/x^Xi^Z^Z^^Zj^^E j (xjwj Xjj-^, 1, x^i^^, Xf)3^, Xf)i^, Xgyf) 



I ^ ^ ,^ . p-lfc 72fe ^2(5 72a / p2a I p2b . p2c 9 p2d 

—2Fjf — 2FJ^ {xiw, Xj„, x^-^, 1, Xjji^_^, """Dlw^ ^gw) 

+(z ^ i) , (94) 

<pf' = \<pf' , (95) 

+(i ^ j) , (96) 

_ -rlfc <r2fc 5-15 <rla; <rl5 /'n 772a , 14 26 14 „2c ^ p2d 

^^D^ {Xiwj Xjyf, Xjj-^, 1, Xfji^^, ""^Dlw^ ^flw) 
h.7^''7'^'' / t- t- .^l-? ?2a ?H ?1/3 plfc FlcV-r t ■ r It- - , -r- ^ 

3sin/3 \J Xg\NX%^-^Y}\-^ui -^Dl^ijj D J V-'-lW) -t-JW) Xjj-^, J-, Xjjr^^, X£)l^, Xgy,) 

3 sin/? (3^_d1w ~ ^ffw)(l ~ ^/f-w)(~^_H'rw "I" ^i^)i~^Hrvr ^J^) 

hhZjjZjj ^^x'^^XivfXj-vf Inxjw — 3(x^i^ + Xgw)xf-^Xjvj Inxjw 



3sill/5 ("^^D^w *'^9w)(l -^iw) (^^--K, ^iw)( ^iw "I" ^^jw) 
5 k 

hbZjjZjj 19.T?^xj^ In 

3sin/3 3sin/3(x^i^ a:;gw)(l •^jvf){-^H~-w ■^jw)(2^«w -^jw) 

hbZj^Zj!^ ^^^//-w^-?^ "^"^^-f^iT" ^"^^H-w 



) 



2sin/3 (1 - x„-„)(-x^-^ + Xi^){-XH-^ + 



JWj 



64 



2sin/3 (1 •^ivf^{-^H~Tff Xiw){Xjvf ^ivf^ 

6sin/3 (1 •^j'vf){p^jj~vif ■^jw)(-^iw -^jw) 



+ 



2QhbZ]^Zf ^Tw^jw lna:^-w 

sin/3 sin/3(-x^- + Xiw)(-a;^-w + Xj^) 

k k 

35hi)ZjjZ^ Xj^Xjw In Xj-w 



sin/3 sin/3(-x^- +Xiw)(-a;iw + a3jw) 



sin/3 sin/3(-x^- + Xjw)(-a;iw + a^jw) 

(97) 



1 

4^ 



3sin3/3^-^"^^^^ 

{Z'j}' f{Zff)'^{Z^^)'^ (-^c" + -fc'' ~ -^c'^) (^jw, Xi^,Xiw, ^i?-w' ^-ff("w' ^C/^w' 



4 3 2 

^Ssin^/?'''^'^^'^ 



16 

o sm o fe t " J 

\Q 2 2 2fc 2 2i 2 1 2 1 

'^Xi^^XgyfXiyfXj^{ZjJ ) (-Zj^) Zjj^Zjj^FQ {Xj-„,Xi^,XiTf,,Xjj-^,Xjj-^,Xjji^,Xg„) 



3 sin^ /3"*'" ^ "''""''""'•'^ 

+ 2gjj^4 ^*^«w^jw(-^i? ) (-^if) (-^[/i ) (-^C + -^D ~ -^D ) (^jw) a^jw) a^iw) Xj^-^, Xjj--^, Xfji^^, Xg^) 

+yi,haZ^Z'iZ%Z%£H^'' + Fi^ - (x,,,, x^-^, x^-^, x^, ^, x^3^, x^^^, x^^) 

5 



+ sin3/3 (-^^-w + ^^rw)(-X-w + ^-)(-X-w + ^.w) 

?_/_22fc^2._22^^2 4-w^^w^iwlnX^-^ 

Sin^^^ ^ (_^^_^+a;^_J(_a;^_^+;^.^)2(_3,^_^+3,.^) 

l'7'2fc\2^2 ™2 „2 1 (- o'2fe\2/' p-2«\2^2 ™2 ™2 i„ „ 

1 I k k ]^ k 



sin^/3\( a^^f-^ + a^iw)^( x^j-^ + Xj^^) ( Xjj-^ + Xjj-^){ x^-^ + Xi^)'^{ ^ij-w "^J^^ 

5 

,2 



-Z]^{Z'§fzl'' ^H-^^i^Xj^^'^XH- 



65 



sin^^ 
2 

8 



2 3 2 1 



/-72fe\2/<72;\2 



tt/ %Xj JL-,.,%Ki 111 t/y TT~ 



sin^ /3 ^ ^ni^r/i^ 



^^^^ 



jw jrw *w 



+ 



+ 



r, / /p-2fc\2„4 „2 1 i' p'2fc\2(' p'2«\2™4 ^2 ]„ „. 



+ 



sin P\i.-^fj~-nj XiTff)(^ Xi^/f -\- XjYf^'^ ^'^H~-w H~-w •^iw)( ^Jj^v "I" 37jw)^ 

{Z]j)'^{Zjj)'^xf^x'j^lnxi„ ^ {Zjj)'^{Zjj)^xf^xj^lnxi„ 



+ 



k k I 



sin^^ 
2 



(1 + XiTff)Xj^x InXjw 



I - /-72fe\2/<r2;\2 -^iw-^jw -^jw 

~1 — T^^l^//; l^ifj 



+ j) , 



(99) 



3 sin^ /3 ''^ -^^ ^ ^ +-^-D 

) (^iw; Xjy,, Xff-^, ^i/-w' ^C/^w' ^D^w' ^ffw) 

+ 2 p f^bhdxf^2:}jZffZ]jZff {Zjj^)"^ (^F(f + Fq — F}f^ (xjw, a^iw, a^iw, ^if'w' w ^i/^w' ^9w) 



3 sin^ /3 



66 



° h h ^ o'lfc -7-li -7-2; -720 fid ( jpla . T?ll 

' 3 sin /? ^ 9^ i^^^H ^H^H^jyi^iji ^ \fD ~^ D 

'^d) {^iw, Xjyf, 3^i/-w' ^H-vfi ^C/iw' ^D^w' 



q • 2 n^bhdix^^ + Xj^^^Xg^Xi^Z^i Zj^Zfl Z^iZ^^ '^ij'i- {•'^jw^Xi^f,, Xj^Tfi, Xjj-^, Xjj-^, Xjji^, XgTff) 

o Sin fe t 



+ 



3sin2/3 
2 

'3sin2/3 



•^JW^ ^IVJ-i »^ZW; »^ 



hbhdXi^ZjjZ}jz]jZ'§{Z^)'^ {Fq"- + F(f — F^f^ {xj^, Xjw, a^iw, ^i?-w' ^i^f w ^u^w^^g^) 



2 2 



3 sin^ i^-^J'^-^H^H^is^^i^^^^^'^iFA + -^a'' -^A*^) (a^jw, ^J/rw' ^H'w^ ^i/^w' ^£|iw' ^£>|w' ^9 

3 sin^ /3 ^dXiv/Xj^ZffZ'ff ZjjZj^j^Z^S^^ (^F]f + F}) — F]f^ {xi^, xj^, Xjj-^, ^H'w^ ^uiw^ w' ^flw) 



+ 



16 



Q„- 2 /o^''"^2W\/^^w^^w^jw-2'ii' (-Z^i/) ^j^l^iji^ F£){Xi^,Xj,f,,Xjj-^,Xjj-^,Xfji^,Xf)i^,Xg,„) 
O sin ^ /c I a 7 

hh,{x,^x,^)H{Z}jnz],^f + {Zl)\Z'^f){Zf^\F}? + F^" 



3sin^/3 



"-^C j (a^jW) a^iwj a^iw) a^j^-w' "^//("w' •^i/^w' -^flw) 



16 



+ q„-„ a^bhdXj•w^/x^wXi^f^Xj^{Zff) Zjj Z ^^Z^^£ Fj^^X^yf, Xjy,, X jj-^, X jj-^, Xfji ^, X f^i^, Xgyf) 

o siri o fc t T 

8 ^ 

~ 3 sin /? ^i'^iyf'^H^H^H^^i 4"^"^ (-^i>" + -^D* - -^A'') (a^iw, a;jw, Xr-w^^h-w^ ^t/iW ^£>iw' ^flw) 

rll\2/Q'2k\2 I ^-72Z\2/-7lA;\2\-rlQ-3'2« 



3 sin p ■' u u 

Fc{Xjw> Xiw, a^iw) a^i^-w' ■^H~vii ■^C/^w' ■'^gw) 

+^-A^^6tewa:,wV^i;^((2il)'(^f + {z]^f{zjj'f)z}}:zl- 

o sin ^ 

~-^C ) (a^jw) a^iw) a^iw) •^iJ~w' '^H~w'> '^U^.w'' "^9"^) 

hbXj^^^Xg^Xj^{Z^Z'j^ + Z^Z^i)^'^^^ f!\£^^£^'^ 



3sin/3 



-^A(a^jW5 ^Hrw^ ^HZw^ ^U^w' ^-Di,w' ^Diw' ^flw) 



67 



3sin2^ 



I 

L 'rlZ <r2A; -r2i -727 r-jd ^ 



1 , , ^Ifc ^1/ ^2fc ^2^ ^""^^ ^ ""^'^^ w^^'^ + ^g,-w) ^g,-w 
~o • 2 a'^bil'd^H ^H^H ^Hl \ 77 ; ToT i \ 



k 

I 1 I, o-lfc ^i; ?2fc ^2^ "^H-w-^^w 



-a; 



72a 



3sin2/3 



^^^U^2fc^2i^27 cid (^^SV^ Zff'^^/^)Xjj-^Xi^Xj^lnXjj^ 

D (X.,- —X ){~Xjj-^+Xi^){ — Xjj-^+Xjyf) 



1 -^ifc ^i; -^2fc ^.2^ ^"^'-^ + ^'w) (^^-^^■.w + In x^-^ 

-^^hh,Z, Z,Z, ^-(, , ^^)2( + 



'Ssin^Z? 



3sin/3 



_|__5_^^2lZ22it^2i^27 ^la^id V^gwa^fw^ jw 1^ a^iw 

3 sin /3 D u (^Xjj- -^iw) (a^/f--5y a;j-w)( + a^jw) 



o • 2 a^bhd-Zjj-^H-^'H-^Hi^Xjj- Xjj- xf^ Xj^{xj^ + x'j^) X^- xf^J 

o Sin p \ k I ■' ■> k I 



+3(x^-^ + Xfj-^)xf^Xjv, + 3x^-^Xj^-^X?yXj-^ i^H~w ~^ ^H~w^^iwi^iw + ^jw 
'ivfXjw "I" 3x^-^Xj^Xj^ + 3Xjj-^Xj^Xj^ — Xj^^Xj^[x^yf + iCjw)) 



In x^-^ 



_ ^ hhZ^^ Z'^^ Z"^^ Z'^'^ cirf (^^/"v^^ 2^^"^/x^)x^„Xjwlnxiw 
3 sin /3 i'^H~w •^iw){x jj— ^ a;jw)( a^j^ ~l~ -^jw) 

4 hbhdZ^^ Z^^ Z"^^ Z^'^ c»rf (^^?V^^~ ^^B^-\/^)^^wa^jwlna^jw 
3sin/3 ^ (a^w-w ~ ■^jw)(a;w-w ~ ■^jw)(a^iw ~ a;jw) 

3 ^ 

4 /tfc^^' Z^'^ Z-^ Z'^-°'S^^ ^^""^^^ ^■^'^ 

3 sin /3 D U „ 2;^.^^^2; _ _ 3.^.^^ 
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^11 ^2k cz^l ("^iw "I" ^'ivf^jvJ + Xi^ffX'j^ + x|^)xj^ 111 



3sin2/3 
+(z ^ j) 



(100) 



(101) 



4 

-.Ic 



/.i(^.wx,w)^2i/=2l/^f 2| ((4")' + (4")') (^c + Fh' 



'Fc j (^iw) S^iw) Xi-^, Xjj-^, Xjj-^, X^i^^, Xg^fi) 



3 sin^ j3 ^'^■^^^■^•'^V^^^w^Tw-^'ij -2^if-2^if -2^^ s^j^j Xi^, Xjj-^, Xjj-^, 



3 sin^ p 



hdXivfXj^ZjjZjj ZffZ ^^Z^S^'^ (^F})' + F}) F}f^ {Xiw, Xj^, Xjj-^, ^H~w^ w' ^Dlw' ^9w) 
2 ~ ~ Ik II 2k 21 I 2 

hdxfyfXj^Zfj ZfjZjf ZffZ^Z^FQ{xj^, Xjw, a^iw) Xjj-^, Xjj-^, Xfji^, Xg^) 



3sin/3 
+(i ^ j) 



hbx'^^^Xg^Z^ZjjZ^^Z^^£'^'^£^'^F\{xj^f,, ^-ff~w' ^h~w^ ^i/* w' ^£>^w' ^few' ^9w) 



(102) 



(103) 



/j/j- 16 2 Ifc li 2 2 1 d 1 

^^6 ~ '^h^^hd^Xg^Zjj (Zff) Z^^Z^^S Fjj {xi^,Xj^,Xjj-^,Xjj-^,Xjji^^,Xfji^,Xgy;) 



16 

^hf,h^iJXg-^Xi,ff{Zff ) (Zfj) Z^^Z^^Fq {xjw,Xiw,Xi,ff,Xjj-^,Xjj-^,Xfji^^,Xg,ff) 



+\hlhl{Z]^)\z]^)\z}j^,f (f^- + F^^ - F^^) (x,w, Xiw, Xiw, x^-w, a^f^-w ^c/iw ^^w) 
+-^hlhd^/xi^Z}}^{Zff)'^Z^^Z'^£^'^(F}^ + — F}f^{xi^,Xjw,Xj^-^,Xjj-^,x^i^,Xf)i^,Xg^) 

+ o^6^i^»w(-2^'^)^(2^]/)^(4^)^(-^c" +-^(7^ — -^C'^) {Xjw,Xiy^,Xiyf,Xjj-^,Xjj-^,Xfji^^,Xgyf) 



7X4 



3sin2/3^^ 



Z'jiZ'jj'Z%z'^,S''£^\FX- + Fj^ - 



i'^J l^jw, Xjj-^, Xff-y,, Xjji^^, Xf)!^^, Xf)i^, XgwJ 



( ^H'w~^^H-w)( Xjj-^ + Xi^Y{ Xjj-^ + Xj^) 
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-2hlhl{Z'^f{Z^f 



I k 








k I 


k k 


'I 





+2hlhl{Z},'f{Z}j f( - xl + + xj, xj^ 

\ k I k I 



In X Tj- 
^k ^ 



™ . \2 



-2hlhl{Z],'f{Z]\^' 



k 

+8hlhaZh\zjjrz'^,Zl^£^^ 



3 



+8hlhdZ]^{Z]^fZ^^^Zf,S'''- 



fe t 



(104) 



3sin/3 
4 



h^{xi^Xj^)^Z^Z]^Z^Z^{^F(f' + Fq' — F}f^{xj^,Xi^,Xi^,x^-^,Xjj-^,Xfji^^,Xgyf) 
hjj XiyKXjyfy/Xg^XjyfZjj Z Z Zjj^Z^^ Z^:^ F Q {xjyf, Xi^ , ) X jj- '^Hrw' '^u^ w' ■'^s'w) 



16 

h]^Xi^ ^ Xg^Xi^ffX ^^f,Z II Z^ZfiZ-^Zjj^E Fj^(xi„, x^j-^, Xj^-^, Xfji^, Xj^i^, Xg„) 



3sin/3 



a 7 



3 Sin^ p^b-^iw-^jw^H ^H^H ^H^ifi -^jji -^c(-^jw) 3^iw5 ^Jjwj Xjj-^, Xjj-^, Xfji^^, Xg^) 
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j) 



(105) 



ih/ig _ ^ ihhg 



Lswg 



z}^,z!_^ + 



V2 yV2sin/3 
(-^a" + ^A ~ ^A^ {Xivfi XjYf, 1, X^-^, Xgw) •'^b^vii "^DS^w) 



TXi-nrX^^ 



sin/3 



™ .;r2Q;;r2'? 



- Zi^.Z"' + 



1/3 -rrlv I "^^^Ui 



\/2rrhN sin /3 / V \/2m^ sin /3 



^2/3^2,, 



w sin /3 / V \/2wiw sin /3 

(-^a" + -^a'' ~ ^jf) {Xiw, Xj^f,, 1, Xgw) 2:^K-w' ^t/^w' ^Uivr) 



.p'2Q-r2'/ 



\pim^ sin /3 



--725 -7-2r/ 



\plvn^ sin /3 , 



(-^A ^A ^A ) (^iw) S^jw) 1) Xg^^ ^K-w' ■'^t/^w' ''"Ui.w) 
+{i ^ j) > 



^ hdZ^lz'''^ 



V2 



(106) 



(107) 
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(yF^ + Fj^ Fj^ Fj^ '^Fj^(xi^,Xj^,l,x^-^,Xg^,Xjji^,Xj^^^) 

^ -^Xy 9^ "^"^ ui ijj ^ y 9^ 1^ W Ui ) ^ ^ 
(yFj^ + Fj^ — F^^ (a^iw) Xj^, 1, Xg^, *''/t~w' "^i/^w' ''^u^w^ 

(j^A ~ " ^A^ (a^iw! Xjvf, 1, Xgvf, X^-^, Xq3^^, X^i^^) 

{Fa + Fj^ — Fy^^{Xiyf,Xj^,l,X^-^,Xg„,Xl)l^,Xfj3^^) 

n / \ 7^'^ F^'' F^*? 

+{i ^ j) , (108) 

^ ^ _2<^^«'ff ^ (109) 

/ /)>,F2'5 F^''\ / /)jF2'5f^''\ 

r- r ■ I t- t- (Zl^)^Z^^ fI^ ( fI^ F^^? + ^fe^pi^- \ / ^15 ^iv , ^^i^gi^- \ 

3 sin^ /3 ^L>3^Di i^^Di^- ^ ^ J 

(yFj^ — F^ — Fjf^ [Xiy,, Xjwj ^H~wi ^K~w^ ^g^^i ^Dl^fi ^D^w) 
(-^A + -^A ~ Fji^^ {Xiw, a^jw) ^H~w^ ^K~w'> ^Diw' ^£>3w) 

{Fa + F^ ~ ^A^{Xiw:Xj„,Xjf-^,X^-^,Xgvf,Xfyi^,Xjj3^) 

Ssm p ^ ^ V2sin/3 v2sm/? 

(-^A^ + Fj^ — Fj^ — F/ — IFJ^ {Xiw, Xjw) ^H~w^ ^K^w' ^Zjlw' ^i53w) 

^^.^,^x,^x,^^x^[Zh) ^u^^ij^ 2,^.2,^ + ^^^^^^^)\ Z^^Z^ + 
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(-^A" + — F)f^ (xjw, a^jw, ^i?-w' a;K;;"w' ^c/^w' ^t^jw) 

(-^A + -^A ~ ) (a^iW) Xj^, Xfj-^, Xgyf, X^-^, Xfjj^^, Xfji^^) 

r, / '72a 5'2»; p-2/3 pr2r; 

3siii^/? ^ c/ C/J\^ u + ^/2mwSin/3/V \/2mwSin/3/ 

(-^A^ + Fj^ — Fj^ ~ Fj^ — 2Fjf^ {Xiw, Xjy,, Xff-^, Xgy,, X^-^, X^J^^, Xfji^^) 

+(^ ^ j) , (110) 



-^a" -^a'' + ^a) {Xiwj Xj^, Xjj-^1 X^-^, Xg^, X]^i^, Xjj3^ 



4 - . hbZ'^-\z'^\/ hdZ'^-\z'^'^ 

hbXj^^J Xg^Xj^Z^ Z[j Z-^Z^^ ( Z^^Z_ H 1 ( Z^^Z_ ) + 



-^a" ~ -^a'' + ^A^ {XiVf, Xjyj, Xjf-^, X^-^, Xgw, ^D^W' -^1)3 



+ 



7" 

■25 9-2?; , ^25 ^2»j 



'-^(x.^x,^)Hzl^fz%z% ( zj^.z]!' + 5^%^) ( z^lz^J + 



-^a" ~ -^a'' ~ ^jt) {XiVf, Xjv,, XfJ-^, Xi^-^i Xgy;, Xj-jl^i Xf)Z^) 

^A ~ ^A ~ ^A^ {Xim ,Xj^, Xfj- ^ , Xgyf , X^- ^ , Xfjj^^ , Xfji^^) 
Fj^ + F^ — Fjf^ (xjw, a^jw! ^H'w^ ^ffw ^K^w' ^c/^w' ^c/^w) 
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1 ..... ^.2,,2.2a.2,hZl^2'-''haZl^2-' 



(-^A** + ~ ~ ^A ~ "^^A^ (Xiw, Xjw, ^H^w^ ^k^w' ^t/^w' ^C/^w) 



^ , fZ —^2 crlfc cr2fc cr27 -zH f crl^ crl'? i "'d^D^^- \ 

FA'iXiw, Xjy,, Xff-^, X-^, Xgvf, Xf)l^, Xf)3^) 

K 'I 7 

-^—h^r ■ r- f? r- r- r- Z^^ Z^^ Z^-'' Z^^ ( Z^-^ Z^"^ + rid^pi^- \ ^D3^+ 

3sm/3 "^V '^'^'^ -^^V a/2 /A/2sin/ 



4 

k 'I 5 7 

725 -72ri jrl-y j,2r] 



1 .2 



(-^a" + -^a'' ~ ^A^ {Xiw, Xjyf, Xfj-^, X^-^, Xg^, Xf)l^, Xf)3^) 

3sin^ ■''^ V '^'^'^ ^D3^Di ^ ^ V2siri^ 

-^a(^*w, Xj„, Xjf-^, a^K~w' ^ffw ^£>Jw' ^i53w) 

I ^ /I^ ^lfc^2fc^l7^2^ /^l^ I l^b^pi^- \ ^Di^+ 

+ 3sin/? ""^^"V --"-"^^""^^"^^^^^^^^ - + V2 ;V2sin/? 

1 / /7.,Z2'5 Z^'^X Zl'5 Z^'' 

3sin2 ^^-^^w^^«-w^-(^^^ ) ^^3^z,i l^^Di^- + ^ ) ^^^^ 

(yFj^ + -F4 — -^4'^) {Xivi-, Xj^, XfJ-^, X^-^, Xgyf, X f)l^ , X f)3y^) 



(zf )^z-;z^^, r zi^.zi'' + ^^^^) %^ 



57I7 5727; „i5 572r? 
rlfc^2 7I7 ^rH ^£)3^+ ^pi^-^ 



3 !>- v2sin/3 v2sin/? 
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■p-'h -72T/ -;r2n 
rljk-72fea-27 -3-15 pa + ^D^^^ 



3 sin /? /^'^^^w^.w V^,w^,w-iif -i^^ -i^3-i^i V2 sin /? x/2 sin /3 
— + Fj^\ (xjw) a^jw) ^ij-w' ^/t"w' ^ffW) ^Djw' ^£>3w) 

0-17 o-ar? ^is ^2ri 

Ssin/J^^'^^^'^^-V W-^H ^i^s^n^ V2sin/3 v^sin/3 

F4" — + F^"^ (Xjw, a^jw, ^Hi:w^ ^K^w' a^Dlw' ^£l3w) 



™l7 j72?j „15 „2r? 
_!_ 2 2 /cr2fcN2cr27 cr2j ^D3^+ 

3 sin p ■' ^ ^ V 2 sin /? v2 sm /? 

k ^1 7 



— + F^"^^ (xjw, a^jw) ^H~w^ a^K-w' ^t/^^w' ^iliw) 

h ^. -7lfc-^2fc-:r2a-^l/3"'^^j7i - I ^la ^Iv , ''I!y_m~. 



+ 3 Sin /? V%wa:,w^H ^ + V2m^sin/? 
-^i"(a^iw, ajjw, ^i?-w' ^ffw, a^K-w' ^i/^w' ^t^iw) 

+ 3sin/3''''''^"V Nw^«,-wW.w^i/-^/^-^C7i-^t^, ^ '^^''^+ + V2mwsin/?v' 

3sin/3'''''^^-V'^N-w^^-^^^^^^c/^%- ^ + V2m^sin/3j 
(-^A ~ -^A + -^-A ) (a^jw, iCjw, a;//~w' a^gw, a;^-^, a;^3^, Xj)^^) 

"Sii^^'^^^-V'^N-W^^"^^ V2 I " + ^ V2m^sin/3j 



^ -i^-,^ f3"'d,Xj^ x-^x-^Xg^xi^j:,H -^H ^O^^fJJ ^ 



3sin/?""^-^^"V '"^^^^ V2 V + V2mwsin/3 
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I 4 ^ ?2fc ?2/3 h^jj^'iZ^ ^ niyjZ^^Z^ 

FA^i^iv^J Xjw, ^_ff^w' ^flw, a^K~w' ^t/^w' ^i/iw) 

^ /j, fZ ^lfc^2fc^2a^2/3;^bf^^/ ^1/3^1^ m„,^^^.^+ 

(^Fj^ — + F^"^^ (Xjw, a^jw) ^H~w'> a^K-w' ^t/^w' ^iii^w) 

1 / TT) T-Sa^rar; 0^2/3 ^2r) 



+ 3 



(-^A + -^A ~ Fj!^ — Fj^ — 'i.Fj^ {Xiw, Xjy,, XjJ-^i Xg^, X^-^, X^J^^, Xfji^^) 

-hbha^Jx^^x^iZuf' (^Z'^^Z^^. + Zq^Z^. — ZqI^Z^^^ 

\/2mwSin/?/V v^mwSin/?/ 
(-^A + Fj^ — Fji^ (xjw ,Xjv,, x^- ^ , Xgv, , x^- ^ , a^j/j ^ ' ^f/i w ) 

(111) 



"'^^ - -2(/>f ^ , (112) 



=^3 



2 



- ^. ;rlfc ;r2fc ;rl7 ;r25 f ^rl'? , - \ f ^15 ^rl'? , ^^"^ £>i 

(-^a" ~ -^a'' + -^a'^) {Xiwj Xj^, Xjj-y^, X^-^, Xg^, Xf)i^, Xf)3^) 

Fa {Xiw, Xjvi, ^H~wi ^K~w' ^flw ^-D^W ^£)3w) 

/I / /)^F2<5 F^''\ Fl'' F^'' 

-^^(a^iW) aijw) Xjj-^, X-, Xgw) ^plw' ^D^w) 

k 'I o 7 

J7I7 j72»7 j72r; 
I 4 /,,^2 ^ ^lfc^2fc^l7^25 ^D3^+ 

{Fjs^ — fJ' + F^'^j (a;iw) a;jw) ^h-w' ^k~w^ ^s^j ^d^w' ^d^w) 
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2 



' 3 Sin /3 V2 V + ^ V2m^sin^ 

(-^A ~ -^A^ + -^A ) (s^iw, a;jw, ^H'w' ^K-w' ^C/^w' ^C/^w) 

FAiXivf, Xj^, Xjj-^, Xg^, ^k'w' ^C/^w' ^C^jw) 

j—^lidX,^./Xg^ZH ^ij, V2 I + ^ V2mwsin/3y' 

FA'iXiw, Xjy,, XfJ-^, Xgy,, X^-^, Xfjj^^, Xfji^^) 

I ^ Z:;^ r-™. -^lfc^2fccr2a^2/3 ^«'^[/.^- / ^lacrl'? i '^u^^(J^^+ \ 

(-^A -^A + -^a"^) (s^iw) a^jw) ^i/-w' ^flW) X^-^, ^C/^w' ^U^vf) 

+{i ^ j) , (113) 



(-^A^ + Fj^ — Fj^ — Fj^ — 2FJ^ {xiy!,Xj^, Xjj-^i x^-^i Xg^, ^Djw^ ^r>3w) 

2, . .„....„..„..hzi^2'_^h,z'^z'!' 



A j yXtw,Xjvf, Xff-^, Xgw, X-^, , Xui^j 



(-^A + -Pa'' - - Ff - 2FI 

4--h.h. I t- t- iZ^^S^i Z'^'^Z^^ ^Z^'^Z^^ - ^2a ^2ff\ hhZ^^jZ^- ^dZ^^Z^ 
+-^nbridVXgwXz^[^H ) [^i/i^ui + ^u^^uo ^(Ji^ui) ^2 

(-^a" + ^a' ~ ^jf) (Xiw, Xjw, ^H-w^ ^K~w' ^t/^w' ^U^w) 



(-^a" + -^A** ~ -^A*^) {Xiw, Xjv^, Xff-^, X^-^, Xgyf, Xfjl^, Xf)3^) 



^'^b'ldXjw^X^-^Xj^(^H ) ^f)3^D^y^Di^- ^ ^ 7^2' 



(114) 



sin/3 
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Z^~'' z^'^ z^~^ z'^'^ 



-'£'1"-'+ 



6 u v2sinpv2smp 

{f}^ — F)^ — F\^^ (Xjw, Xjy;, ^H'vr^ ^K~w' ^ffW) ^Diw' ^D3w) 

+ii ^ j) , 



(115) 



_ 4 L,^ . ^. ^Ifc ^2fc ^27 ^16 / ^16 ^1»7 , "''^£'1 - 



^-^4 -F^ -\- Fj^ ^(^Xi^,Xj^,x 



V2 



haZj^,z'_\z'Z2^ 
sin/3 



-^z^z^z^,z^,\Zf^,z_ + ^ jTfili^ 



'"b'-^ b^ \^ Di 

FA'iXi^, Xjy,, Xjj-^, X-^, Xg^, Xf)l , Xf),) 

k 'I o 7 

2 



^17 0-277 „27} 

^ t2 ,' r r ^lfc^2fc^27^H ^g3^+ 

Ssin/?'''^^"^^-^^^"^*"^^ ""d^^d^ V2sin/3 V2sin;3 



hbZ}^,Z^_^ 



{^A ~ ^A + ^jf) i^iw, Xj^, ^H'w' ^SW) 2:^«;-w' ^C/^w' ^f/^w) 



(116) 



ishg 



1^7 



(117) 



16/ ^17 



V2 



- {z^lz^J}) + 



{haZ%Z 



2S a^^ri-, 



■'Di 



V2 



™ ,;r2Q;r2A 
V2mwSinp 



2a ^2»; ^ 



\plm^ sin /3 , 
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(^^A + ^A ^A ^F^'^j (.x^-^, Zjy^^, x^-^, Xjw, 2;§w, 2:£)3w) ^Djw) 



25 -^'^ri ^ 0-I7 -72A 



\/2mw sin /3 \ \plra^ sin /3 , 

(-^A" + — F)^^ {^k-w-i ^i/^w' ^K^^-w' ^JWi ^gw, Xfyz^, 



+ 3 w^K-w-^^a^Di y2m. sin /3 I ^ + + V2m„ sin /3 

\/2mw sin /3 \ t^' + ^J2m,^ sin /3 / 

(-^1" — F^'' — F"^^ (2^k-w' ^C/^w' ^k^^-w' ^ffw, a:f,3^, 3:^Diw) 

-y % + % % ; - (^f7> ^+ ) + V2mwsin/?y' I " ^^^^ ^+ 

v/2mwSin/3/V \/2mwSin/3yV V2m„sin/3 

_Q2t / -r- -r- F^ai ^In , ^lai ^2n V _ , ^t/' ' '^+^ 



( 



+ ' V2mwSin/?;V + V2mwSin/3A + v^m^sin/? 

Inx, - 
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^ lna;„-,„ 



\/2mw sin /? 



+ ' V2mwSin/3A + V2mwSin/?yV + VSm^ sin/3 

In 



0^1 ^. ^- I 7-2ai 7-10:2 I 7-lai 5r2a2 ) ( _ 7-10:1 7-IA , '""'^C/' ^+ 

_ ^la2^1A , """'^C/' ^+ \ _ ^l/S^l*? , \ ( _ ^l/^^l'? , 

+ V2mwSin/3A + V2m^smf3)\ + V2mwSin/3 



( 



00 ^. / 7-20:1 7-102 I 7- li 7-202 W _ 7-101 7-1A , i/' + 

™ , 7-20:2 7-2A. , ,7-2/37-2,7 
^102 ^lA , "^"'^(7' ^+ \ ( _ 2}<^Z^'^ + "'^^ + 
+ V2mwSin/?A + V2mwSin/3 

™ .7-2/37-2?? Inxfw 



\plvn^ sin /3 



(^K^w ^U^w^^^K-w ^[7^w)(^»w ^[7^w)(^C/> ^C/^w) 



+ j) , (118) 



V 



la ^2?7 



V2 



•3-ln 'rlr? 



+ 



hdZ^ 
V2 



Z'g^ZL^ + 



V2 
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{■^A ^A ) (^K^w' ^C/i w' ^k'w^ ^JW5 Xgvr, ^D3^w' ^ 



, , hdZl^fZ^^hbZl^Z'^'' / , , hdZ^f'\Z^''\m^jZ}^''Zf 



(-^i" + ^A ~ ^a) ^^K'x"^' ^C/iW ^k'w^ ^iw, a^sw, ^p3^w' w) 

(-^A + -^A ~ Pa ~ ^A — "^Pj^ (-"^K^w' ^(7iw' ^K^w' ^JW, a;gw, ^ps^w' ^ D^w) 



w 

sin/3. 



\/2mw sin /? \ \plra^ sin /? , 



. - Z'-^Z''' + ^ 
v2mwSin/3\ v2mwSin/3 
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32 , ^ln^2mh^M^f ^in^ln^f!^^!^ 



™ .crlm7-2A . ™ , 0-20 a'2\ 



\/2mwSin/3 V + v^m^sin/? 



32 ^ / -7201 --rla'z I <7lai -7-202 1 



J V2 V2 



la 



^C'i^ijiw^ ^k7w' ^k^w' ^l//w' ^JW' ^tT-^w' ^9^) 



V2 J V2 



.la^lA , "^'«*%"^+ X^T-ni^^"^- 



Z -^Z\_^ + I 

v2mw sin/3/ v2mwSin/3 



^la^lA _|_ "^»'4'?^+^ \ "^M^4"i^+' 



(-^a" + -^A'^) (^K-w' ^i^/w ^k'w^ ^JW, a^pw, ^£)3^w' ^D^w) 



\/2mw sin /3 V f ' + \f^m^ sin /? 



3 V '"'''^^^^ a/2 V " V2 



-\/2mw sin /? V \fim^ sin /? 



82 



(-^i" - F^'' + Fj^^ ^^K^w ^c^/w ^k;^w' '^5^, 2;£,3^^, 



^C'i^Ui^w-' ^K^W ^K^w' ^l//w' 2^'^'"^) ^t/^w' 



V2m^ff sin /3 y V \plm^ sin /3 

-|-_^ I t- rr. [ 7-2ai 7-10:2 , ^-lai 72a2 \ C/^ - " t/' 
,^2/3^2,, .^2/3^2,, 



^ ' V2mwSin/3A ^ V2mwSin/3 



+ V2mwSin/3A + y^m^sin/? 



In 
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16 



V2 V2 



,^2(3 

- Z^^Z^'< + + 
+ ^/2m^smf3 

Inx, - 



m Z^'^Z^'^ 



\/2myf sin /? 



In XiT^ 

16 



+ V2mwSin/3;V + V2mwSin/? 

In x^-w 



16 



I ~6 / — _ / ^ZQi ^iQ2 I -7-101 -7^02 \ (yj 



^h^Z^hjZ^Z'j 
.2:?"2 2:2A- 



h,z}';i^zl^h,zl-Tz''^ 



V2 V2 

m,.af.zl\ 



-v/2mw sin /? / V \/2mw sin P , 
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-L_ / t~ t- T-, i .'^^"i I -7lai -72a2 \ P t/J - <^ U3 - 



a^iw 111 ^xji^ 



(^K^w ^Ulyf)i^K-w ^i//w)(^*w ^Ulw)(^Uivf ^t^/w)"^ 

.22/3^2^ .22/3^2,, 



( 



.r,\v 111 .r 

+ (i ^ j) , (119) 



(^K^W ^Ulw)i^K-W ^i/j-fw)(^»W ^t/^^w)(^i/^W ^t^/w) 

= -2<^^ , (120) 



V2 



(^F^" - + F^'^'j {x^-^, Xfji^^, x^-^, Xjw, Xgw, xi)3^, Xjji^) 
\/2mwSin/3 V t^' + \/2mwSin/?/ 



*>-^fv7w' -^C/^w' -^fc'w' -^jw, -i-j/w, 'i'X)3w, "^Diw^ 
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\/2mw sin /? \ \/2mw sin /? 



3 V-.-w-^;w^D3-i5i ^ V2m„sin/3 



y/2my, sin /? \ t^' + y^m^ sin /? 



(Fj" - + F^'^) (x^-^, x^,^, x^-^, Xjw, Xgw, a^^3w' ^D]w) + ^ i) ' (121) 

C = , (122) 



- y V '^A -%"w^D3^Di ^D3 ^- + ^1 



3 VWiw^^^, +^-, J ^ ^ ^ ^ 



,16 /^^^2„^.m^^ffM^^^^ 

^/2 J ^/2m^smf3 



V2 V2mw sin/3 V ^ ^ 

~-^A ) ^i/^w' ^K^W' ^JW5 2:ffW5 ^^DS^) ^£)lw) 

3 D3 ill ^ V2 V2mwSin/3 x/2mwSin/3 
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( 



/ , , , , xhdZl^'Z^^hZl^'Z^^hZlf.Z^'^ hdZl-^.Z^"^ 

, / , , , , \hdZl-^'Z^^hZl^'Z^^hZlf.Z^''hdZlf.Z^^ 

+d2x,^V^,wX.w^^j^, z^, +Z^, Z^, J ^= ^= 



In X,;. 



h,z'-Tzl^ hz'-Tzl^ hzlj^^z'!' hqz'p'!^ 



In Xi 



( 



^"2 



2ai <rla2 1 -t-Ioi -7-202 \ " ^' ~ ° ~ ° U3 - 113 - 



il^x,^x,^x^.^^^y^^, +^-, j ^ ^ ^ ^ 

—( = ^7 = ^7 = r (123) 

l^K-W ^i/4^wA^K-w ^C/ijwA^lW ^Ui^^Vfjy^Ui^^W ^0^^^) 
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-v/2m„ sin /? \ f/' + -y/2mw sin /? , 



^ \/2m„ sin /? / \/2m„ sin /5 

-^A (^K-w' ^t/^w' ^k;^w' ^JW, Xgv,, Xl)3^, Xf)!^) 

16 , ^ /i6Zi"z!.''m„,Zl'?Z2^ 

3 ^^K-w^.w^D3^Di ^ ^m^sin/? 

V + v^rriw sin /? / \/2m„ sin /? 

(^1" - Fa + ) (^«-w' W ^K-W' ^iw, Xgw, X^3„, x^,J + j) , (124) 

(125) 



4' = \<^f 
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Figure 1: The Feynman-rules which are adopted in the calculations (Part I). 
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y/2 sin -D* U3 ^ 



ure 2: The Feynman-rules which are adopted in the calculations (Part II). 
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Figure 3: The box-diagrams contributing to the B — B mixing in the supersymmetric model with minimial 
flavor violation. In the calculations, the crossed diagrams should be included. 
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Figure 4: The diagrams responsible for QCD-corrections in the framework of the SM and THDM. In the 
calculations, the crossed diagrams should be included. 
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(g) 



W/3 



Figure 5: The diagrams responsible for QCD-corrections caused by the gluon sector of the supersymmctric 
model with minimial flavor violation. In the calculations, the crossed diagrams should be included. 
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Figure 6: The diagrams responsible for QCD-corrections caused by the gluino sector of the supersymmctric 
theory with minimial flavor violation. In the calculations, the crossed diagrams should be included. 
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(a) 





Figure 7: The five topological classes of diagrams appearing in the NLO-corrections to 5' 
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Figure 8: Classes of diagrams in the effective theory contributing to Qi up to order a^. 
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Figure 9: The Attib versus the gluino mass with tan^^j = tan^^ = tan^^^ = 0. and (a)tan/3 = 1, 
(b)tan (3 = 5, (c)tan (3 = 30. The dot-Hne corresponds to the resuhs inchiding the ghiino-corrections and 
sohd-hne corresponds to that without the gluino-corrections. The other parameters are taken as in the text. 
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Figure 10: The Atub versus the gluino mass with tan^jyi = tan^^ = tan^j=, = 0.1. and (a)tan/3 = 1, 
(b)tan (3 = 5, (c)tan /? = 30. The dot-Hne corresponds to the results inchiding the ghiino-corrcctions and 
sohd-hne corresponds to that without the gluino-corrections. The other parameters are taken as in the text. 
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Figure 11: The ArriK versus the gluino mass with (a) tan/3 = 1.5, (b)tan/3 = 5, (c)tan/3 = 30, where 
tan^^j = tan(j^ = tan("^ = 0. The dot-hne corresponds to the resuhs inchiding the ghiino-corrections and 
sohd-hne corresponds to that without the gluino-corrections. The other parameters are taken as in the text. 
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